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I INTRODUCTION 
LeConte and Horn published in 1883 a classification of the Cole- 
optera that has stood the wear of time remarkably well. Since then, 
} however, a number of new classifications have been proposed: Lameere 
(1900 and 1903), Ganglbauer (1892-1904), Handlirsch (1906-1908), 
} Kolbe (1901,1908,and 1911), Sharp (1909), and Gahan (1911), all of 
| which differ more or less seriously in one way or another, and show, 


|'for one thing, the need of further comparative morphological data, 


/fi which te, of course, indispensable to the building of any thorough 


classification. lLeng's recent catalogue (1920) also emphasizes this 
|) need. 


A review of the literature seems to show but few studies based 


p : ; _ “of 
/}on the comparative morphology of a comprehensive series,coleopterous 


families. A number of European workers have published comparative 
studies of the wings of Coleoptera, the most recent being by d'Orchy- 
Hmont (1920). Sharp and Muir (1912) and Muir (1918) have published 

| the results of their investigations on the male genital tube in Cole- 
optera. Various internal structures have been discussed from time 

to time by a number of workers. Narrower in scope is the work of 
d'Orchymont (1916) on the classification of the Hydrophiloidea, based 
on a study of both the adult and the larva. Hyslop (1917), Béving 
and Champlain (1920), Craighead (1920), and Gage (1920), have pub- 
lished papers on the comparative morphology of various families, 
based on a study of the larvae. There are probably other comparative 
papers more or less extensive in scope, but I have not been able to 
find any such literature based on a study of the head-capsule. The 


comparative morphology of the head-capsule of some other orders, 
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however, has been investigated: Peterson (1915) on the Thysanoptera, 
Peterson (1916) on the Diptera, Yuasa (1920) on the Orthoptera, and 
| Hoke (1922) on the Plecoptera. These simply draw attention to the 
need of such an investigation of the head-capsule of Coleoptera, 
With the broader vision in mind of a more satisfactory and nat- 
ural classification of the Coleoptera, the following study on the 
l comparative morphology of the head-capsule is offered. This study 
does not aim by any means to exhaust the subject. There have been 
too few species investigated in each family to justify the making of 
any sweeping statements. This study can simply point out character- | 
istic conditions of structures as found in the different species of 


the families studied, revealing, therefore, inharmonies, and perhaps 


| suggesting improvments on the present arrangement of the classifica- 


tion. 

In order to reach a correct estimate of the degree of speciali- 
zation of the various parts of the head-capsule, an hypothetical 
type, representing a supposed primitive condition, has been construc 
ed. The structure of this hypothetical type is based on the struc- 
ture of the head-capsule of generalized insects and of generalized 
adult and larval Coleoptera. bach structure has been treated separ- 
ately, starting from the hypothetical type. The submentum has been 
ineluded in this study because of its bearing on certain develop- 
mental processes. All statements made refer to the species listed 
under "materials" only. The material studied was soaked in a 10% 
solution of potassium hydroxide until clarified, then washed in dis- 
tilled water to remove the hydroxide, and preserved in 70% alcohol. 


All dissections were made under a binocular microscope in 70% 
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alcohol in Syracuse watch glasses. 
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III. MATERIALS 

An effort has been made to make this study as comprehensive as 
possible, including not only a wide series of families, but also a 
representation of the different subgroups within the families. Of the 
eighty-one families , exclusive of the Strepsiptera, listed by LeContef 


pnd Horn, representatives of all but one are listed in this study. 


eA 
4 
» 
> « 
ag 


4. 
Leng in his recent catalogue lists one hundred and nine families. Of 
these ninety-four families have been studied representing one hundred 
and fifty-five species, of which one hundred and thirty have been 
figured. The fundamental structure of the head is, except in a few 


eases, practically similar for the two sexes, The sex has therefore 


Ze 
been disregarded, except in the case of the brentid, Eupsalis minuta, 


yj the male of which has s long slender snout, as contrasted with the 

| large broad snout of the female. The latter has been figured. 

A number of attempts were made to arrange the figures in a lin- 
l ear series leading from the generalized to the specialized forms. All 
attempts proved unsatisfactory. No matter what structure or condi- 
tion of a structure was used, the structure showed itself to be un- 

| stable within narrow limits and therefore could not be relied upon to 
illustrate a definite line of development. However, the meagre re- 
sults obtained in trying to arrange the drawings in a linear series 
emphasized an important fact: that the various families of Coleopters 
and even the subgroups within the families, have developed along many 
lines. For this study, the arrangement finally decided on, including 
the species,is that.adopted by Leng. This arrangement will be valu- 
able, in so far as the head-capsule is concerned, in showing the need 
for further morphological work towards the improvement of our classi 
fication of the Coleoptera. Owing to the number of drawings present 
ed in this study it was deemed more practical to omit detailed de- 
scriptions. The salient features, only, of the various structures 
are discussed. The following list is arranged according to Leng's 


catalogue, and includes only those species studied:-- 
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COLEOPTERA 


Suborder Adephaga 


Caraboidea. 


1.Cicindelidae. 


Megacephalini.-- Tetracha carolina (Figs. 2, /L4 24§ 37/ ) 


Cicindelini.-- Cicindela formosa (figs.3/2 5/2747 372) 


2,.Carabidae,. 


Carabinae.-- Calosoma calidum (Figs.4 26,750,373) 


Harpalinae.-- Harpalus erraticus (Figs .€74/Z9/64251374) 


Harpalus caliginosus 


3.Amphizoidae.-- Amphizoa lecontei (Figs. ) 


4,Omophronidae.-- Omophron americanum (Figs. 5 272452, 3575 ) 


5.Haliplidae.-- Peltodytes 12-punctatus (Figs.7/238,253376 ) 


6.Dytiscidae. 


Colymbetinae,.-- 


Coptotomus longulus 


Dytiscinae.-- Dytiscus hybrides 


Cybistrinae.-- Cybister fimbriolatus (Figs. 3 /39454 977) 


Gyrinoidea. 


7.Gyrinidae.-- Dineutes assimilis (Figs. 7/35/2535 373) 


Suborder Polyphaga 


Hydrophiloidea, 


8 Hydrophilidae. 


oe 
LE 


Hydroscaphinae.-- Hydroscapha nstans (Figs. 


Hydrophilinae. 
Hydrophilini.-- Hydrous triangularis (Figs, S31, a 5G 377) 


Hydrophilus obtusatus (Figs. /4 /32 257330) 
w2 4 


Silphoidea. 


9.Platypsyllidae.-- Platypsyllus castoris (Figs. 


estate 
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10.Leptinidae.-- Leptinus testaceus (Figs./J/33 253 33/ ) 


11.Silphidae.-- Necrophorus carolina (Figs./3 134 2574 384) 
12.Scydmaenidae.-- Connophron fossiger (Figs. /G /3b 260 359) 
13.Orthoperidae.-- Molamba lunata (Figs. /0,/297 2¢/ ) 
} Staphylinoidea. 
| 14.Staphylinidae. 
Steninse.-- Stenus flavicornis (Figs./%/I5 2éZ, 384) 
Paederinae.-- Gastrolobium bicolor (Figs.20 /37 263 359) 
Staphylininae.-- Creophilus villosus (Figs./4 144, 264 336 ) 
Tachyporinae.-- Tachinus fimbrietus (Figs./7/4/ £65 F587) 
Aleocharinae. 
Myrmedoniini.-- Aleodorus bilobata 
Xenodusa cava 
Aleocharini.-- Aleochara lata (Figs. /Z/42, 266, 35 ¥) 
15.Pselaphidae.-- Pilopius lacustris (Figs. ) 
16.Ptilidae.-- Limulodus psradoxus (Figs.2/ /4G, 267957) 
17.Sphaeriidae.-- Sphaerius politus (Pies.22, (44 265, 370) 
18.Scaphidiidae.-- Scaphidium quadriguttatum (Figs.2g VAL ACG 3Y | 
19.Histeridse. 
Hololeptinae.-- Hololepta fossularis 
Histrinae.-- Hister merdarius (Bigs.£44/472/0 372) 
Saprinini.-- Saprinus lugens 
Cantharoidea, 
20.Lycidse.-- Calopteron terminale (Figs.27 /44 AT IFF) 
21.Lampyridae. 
Lucidotini.-- Lucidota corrusca 


Photini.-- Photinus pyralis (Figs.2 U,14- 5 474 354) 
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22.Phengodidae.-- Phengodes plumosa (Figs.2 9/50 7s 39S) 


25.Cantharidae. 
<745%, 
Chauliognathini.-- Chauliognathus pennsylvanicus (Pigs 30 46/5) 
Cantharini.-- Podabrus rugulosus, Podabrus tomentosus, 
Cantharis bilineatus (Fig;. Z73 ) 
24.Melyridae.-- Collops nigriceps (Figs. /54,27¢6 377 ) 
25.Cleridae.-- Trichodes nuttali (Ties 92/938, 277573) 
26.Corynetidae.-- Necrobia rufipes (Figs.33/54 274,777 | 
Lymexyloidea. 
27.Llymexylidae.-- Hylecoetus lugubris (Figs. 
28.Micromelthidae.-- Micromalthidae debilis (Figs. 
Cupesoidea. 
29.Cupesidae.-- Cupes concolor (Figs. 7% JSS, £14, 400 ) 
Mordelloidea. 
30.Cephaloidae.-- Cephaloon lepturides (Fies.J97 /5¢, 80, Zof ) 
41.0edemeridae. 
Nacerdini.-- Nacerda melanura (Figs 45/9725, #02) 
Aselerini.-- Asclera ruficollis 
32.Mordellidse.-- Tomoxia bidentata (Figs JZ 198 454 403) 
33.Rhipiphoridae.-- Macrosiagon dimidiatum (Sies.@6/99 253404) 
34.Meloidae. 
Meloinae.-- Hpicauta marginate (Figs. 34 (60 284 405) 
Zonitinae.-- Zonitis atripennis 
35.Hurystethidae.-- Eurystethus debilis (Figs FF /6/, ASS FOE ) 
26.O0thniidae.-- Othnius sp. (Figs. ) 
37.Pythidese.-- Pytho americanus (Pics. AS JES 256, 467) 
38.Pyrochroidae.-- Neopyrochroa flabellata (Pies. AQ OZ 257 403) 
39.Pedilidae.-- Macratria murina (Figs. 4 165, 23 &, #09) 
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40.Anthicidae.-- Notoxus anchora (Figs. 4G (ob, 20 Ho) 


Blateroidea. 
41.Rhipiceridae.-- Sandalus niger (Figs. A} A747 FH/ ) 
42. .Blateridae. 
Pyrophorinse.-- Alaus oculatus (iigs. FF A7AU 4/2) 
Elaterinae.--~ Melanotus communis 
Cardiophorinae.-- Cardiophorus gagates 
43,Eucnemidae.-- Tharops ruficornis (Figs. f6//7 274, WS ) 
44,Throscidse.-- Throscus chevrolati (Figs. 45 /6% L7GH/F ) 
45.Buprestidae.. 
Polycestini.-- Acmaeodera pulchella 
Chalcophorini.-- Chalcophora virginiensis (Pics. f7//4A, 2744/5) | 
Buprestini.-- Dicerca divaricata 
Chrysobothrini.-- Chrysobothris femorata 
Agrilini.-- Agrilus ruficollis 
Dryopoidea. 
46.Psephenidae.--Psephenus lecontei (Figs. FE 17h 2ITA | 
47.Dryopidae.-- Helichus striatus (Figs. J7, / 75, 296,417) 
48.Elmidae.-- Stenelmis sinuate (Figs. 54, /76 297 H8) 
49.Heteroceridse.-- Heterocerus undatus (Figs.S3/7/ 275 4/7 ) 
50.Georyssidae.-- Georyssus californicus (Figs. IF (73, A494 20) 
Dascilloidea. 
51.Bucinetidae.-- Hucinetus morio (Figs.5G/77 304 ¢2/) 
52.Cyphonidae.-- Cyphon ruficollis (Figs.54//75, J0l #24) 
Byrrhoidea. 
53.Dermestidse.-- Dermestes lardarius (Figs. 9S /77 30k $23) 
54.Byrrhidae.-- Byrrhus americanus (Figs.9€/3Q 303 429) 
55. Nosodendridae.-- Nosodendron unicolor (Fies. J 7/0 304 44S) 
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Rhysodoidea. 
56.Rhysodidee.-- Rhysodes americanus (Fies.3 8 Wk, 05 #26 ) 
Cucujoidea. 


57.O0stomidsae.-- Tenebroides sinuatus (Figs.97/8G 30b 27) 


58 .Nitidulidae.-- 
Nitidulinse.-- Phenolie grossa (Figs.66 (04 7422 ) 
Cryptarchinae.-- Glischrochilus quadriguttatus (Figs.6//3530§ge9 

59.Monotomidae.-- Phyconomus marinus (Figs. 63 /6¢, FOF 450 ) 

60.Cucujidae. 

Cucujini.-- Cucujus clevipes (Figs. b6L,157, J16 F3/ ) 

Telephanini.-- Telephanus velox 


61.EKrotylidae. 


Langurinae.-- Languria mozardi (Figs.6é4/05 W4 472) 
Erotylinae. 


Triplacini.-- Tritoma angulatus 


Dacnini.-- Megalodacne fasciats (Fies. CZUGT 3/4, 439) 
62.Derodontidae.-- Derodontus meculetus (Pigs.66/73 W3, 479 ) 
63.Cryptophagidae.-- Anchicera ephippiatea (Fies.67/70 3/4, F#3S) 
64.Byturidee.-- Byturus unicolor (Figs.65/74 3/95 456) 
65.Mycetophagidse.-- Mycetophagus punctatus (Figs.67 Vid, J/6, FU7) 
66.Colydiidae.-- Philothermus glebriculus (Figs./0,/9¢ 3/7 #33) 
67.Lathridiidse,-- Melanophthalma snguleris (Figs.74/75 Ws, 437 ) 
68.Mycetaeidae.-- Phymaphora pulchella (Figs. 7/ 176, S14 #46) 


69.Endomychidae.-- Endomychus biguttatus (Pigs.75/7/ 92g ¥4/) 
70,Phalacridae.-- Phalecrus politus (Figs.7Z/93 324442 


71.Coccinellidae. 
Coccinellini.--Hippodamia convergens (Figs./6/7% JAZ #47) 
Adalia bi-punctata (Fizs.77200 JL 3, 474 ) 


2 Lopett +=, ba 
Rees t Ay, to Pn! dag beet Sit opto ning Se, ts 

f ( er e AS Ce it f ; ne tog eorage, anti 

| “ 3 . 


hu NY \ See ~ i -Re« Te Y= a ampiioe?. +a r 


woley arial ete. “~s 
‘Se a. = . - obyaenel <a 
1 ; SUR Be ix ded “ 
Ye SAG PRED | sea shoe helagem oe», 20s 
¥m , i Pa Th 3 + tha. ee bain’ f musa ean oe) eC ‘sonal ub. 
“yt ENG WRN SDS. Gott weld Mie See "es sew * 
; PEE ONG WANS. 999). Seo, Ge 708 


i , i, 4 _“ i : q 4 ty L@ GAs ak on amp Ooh de 
Hein erveuit oS am. 
Cae AN ‘° a, \) svete de eel ieduonalolt --vehtbil 


a a ui tedo tog avodgemyed aa bb bs 
m% ORE NAVA Oe Pe) antettaeas atoywo ene - se web thoy 
we NS EN > cute) eaviiag nereou-tarte ~-yunbbxo! 
; | . | ob HELec 


ate Sh VEN a salt) shew oynes onan t 7 r 
ae: Se RSS aig tt) es thor ayag at stiaha 


s ~~ 4 bf 


Anatis 15-punctata 
Chilocorini.-- Chilocorus bivulnerus 


Tenebrionoidea, 


72,Alleculidsae.-- Pseudocistela brevis (Figs.79 £o/ I24 945) 


73.Tenebrionidae. 
Tenebrioninae.--Alobates pennsylvanica (Figs.7,7 AOL, IRE FH) 
Tenebrio molitor (Figs. BO 203 JL6 447) 
Boros unicolor (Figs. 3( 204527 #435) 
Diaperinse.-- Disperis maculata 
74.Lagriidse.-- Arthromacra aenea (Figs.7/ 205 J25 F#9) 
75.Monommidae.-- Hyporphagus sp. (Figs.%%20G IL7 750) 
76.Melandryidae.-- Penthe obliquata (Figs.37 207 3390 457 ) 
Bostrichoidea. 
77.Ptinidae.-- Ptinus brunneus (Figs.5420% 334 #52) 
78.Anobiidee.-- Sitodrepa panicea (Fies.35S LO? FILA 
79.Bostrichidse.-- Bocstrichus bicornis (Figs. 3€ 24 333, 75g) 
80.Lyctidse.-- Lyctus plenicollis (Figs. #7 Z/0334 #75) 
81. Sphindidae.-- Sphindus americanus (Figs. 37 2/2, 235,456) 
682.Cisidae.-- Plesiocis cribrum (Fies.%3 2/3 G36 457) 
Scarabaeoidea. 
83.Scarabsaeidae. 
Aphodiinae.--. Aphodius fimetarius (Figs.7% 2/4 I37 ATS) 
Melolonthinae.-- Dichelonyx elongata (Figs.Y% 245 333,459) 
Rutelinse.-- Pelidnota punctata (Figs. %Z 2/6 FFG ZEO ) 
Dynastinae.-- Strategus julianus (Figs. 73 217 G#O #G/ ) 
Cetoniinse.-- Osmoderma eremicola (Figs. 9732/9 oH, £62 ) 
64. Trogidae.-- Trox suberosus (Figs. 76 2/7 JFL, 47) 


85.Lucanidse.-- Psudolucanus dama (Fies.77 £20 343 FG ) 
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86.Passalidae.-- Passalus cornute (Pigs. 221 344HS $66) 
Cerambycoides. 
87.Cerambycidae. 
Prioninae. 
Parandrini.-- Psrandra brunnea (Figs. 0S A224, 34S 467) 
Prionini.-- Derobrachus brunneus (Pigs. 223 3 #6, 265 ) 
Cerembycinae.-- Glycobius speciosus (Figs./&¢ 224 747 £59 ) 
,Lamiineae.--.Tetraopes tetreophthalmus (Figs.MZ42425 345 £70) 
88.Chrysomelidae. — 
Donaciinae.-- Donacis piscatrix (Pigs. 642246344 Z£7/) 
Orsodacninsee.-- Syneta ferruginea (Figs.77 227 JSG, 47-2) 
Criocerinae.-- Criocerus asparagi (Figs.W4225 351 47—7 ) 
Cryptocephalinae.-- Cryptacephalus quadruplex (Figs Mz1yIZ74/A 


Eumolpinse.-- Chrysochus auratus (Figs M/ZH3535, 476 ) 


Chrysomelinse.-- Leptinotarsa decimlineata (Figs MELY TI V7) | 


Galerucinae.-- Diabrotica 12-punctata (Figs M25 355 47F ) 
Helticinee.-- Blephsrida rhois (Figs. Q Z38 356, £75) 
Hispineae.-- Anoplitis nervosa (Figs.// AVF W747 7) 
Cassidinae.-- Chelymorpha argus (Pies MZ 235 353 957 | 
89 .Mylabridae.-- Pachymerus arthriticus (Figs 3, 23607 7 4-80 ) 
Mylabris obtectus 
Brentoides. 
90.Brentidae.--Eupsalis minuta (Figs M7237 Jee $SZ, ) 
Curculionoides. 
91.Belidae.-- Ithycerus noveboracensis 
92.Platystomiidae.-- Eurymycter fasciatus (Pies MS LIF 36/ $F? ) 
93.Curculionidsae. 


Rhynchitinae.-- Rhynchites bicolor (Pics MZ L3G 36ZL4%4 
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12 
Attelabinae.-- Attelabus snalis (Fies.0270 HZ43S5) 
Allocorhyninae.-- Allocorhynus slossoni (Figs. | 
Otiorhynchinee.-- Epicaerus nubricatus (Figs Me L4/, W674 FIG ) 
Curculioninae.-- Lixus macer (Pigs./23 242 56€ $55) 
Thecesterninae.-- Thecesternus humeralis (Pies M7 LFF 367 457) 


Calendrinse.-- Sphenophorus sequalis (Figs.2/ 244 56 5497 ) 


i} Scolytoidea. 


94.Scolytidae. 
Scolytinae.-- Scolytus quadrispinosus (Figs SLA 2 4S ICSF HO) 
Hylesininae.-- Dendroctonus valens (Figs.W3 2g, 36 7A7H) 
IV. HEAD-CAPSULE. 

There exists a distinct homogeneity in the general character of 
the structure of the head-capsule of Coleopters. Its uniform strong ! 
chitinization is typical. So is the spacious area occupied by the 
mouth-parts, producing a relatively broad cephalic end. Especially 
characteristic is the wide space between the occipital foramen and 
the submentum. Then, there is that indescribable similarity of struch 
ture, even between groups widely separated, that can best be appre- 
ciated from a thorough knowledge of the morphology. As an illustra- 
tion, there is little superficial resemblance between Harpalus (Figs. 
625/5%) and Phalacrus (Figs 7Zsywée, either in external or. internal 
morphology. Their distinct differences are merely due to two diver- 
gent lines of development. The structures of the dorsal surface of 
Phealacrus have become highly specialized, whereas those of Harpalus 
are relatively generalized. On the other hand, on the ventral sur- 
face the metatentorina has remained in a relatively primitive condi- 


tion in Phalacrus, whereas in Harpalus its position is highly: specialf 


ized. The internal structures of Phalacrus are rudimentary or lack- 
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/ment of a compactness of form of the sclerites that do not consoli- 
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ing, while in Harpalus they are in 2 well-developed primitive state. 
Considering the degree of generalization of each species, there can 
hardly be any question that Harpalus is the more generalized. The 
above comparative description simply illustrates roughly the problems 
of complexity of development that are encountered. The two distinct- 
ive kinds of development as shown above for Harpalus and Phalacrus, 
that of specialization of the dorsal surface and that of separate 
specialization of the ventral surface, do not in the least necessari- 
ly parellel one another in the Coleoptera. Indeed, these two lines 
of development are predominantly divergent. In the majority of spe- 
cies, the development is trending towards the obliteration of sutures 


and consequent consolidation of sclerites, and towards the develop- 


date. The general trend towards a cephalization of migratory struc- 
tures is a part of this process, too, as well as the development of 
&@ stronger chitinization of the head-capsule as a whole. The entire 
Phenomenon appears to be fcr purposes of strengthening the head. Be- 
sides Phalacrus typical examples are Tenebroides (Fig.45¥), Glischro- 
chilus (Fig.é/), Megalodacne (Fig.65], and all the Scarebseoidea. 

On the other hand these processes have lagged behind on the ventral 
surface_in Phalacrus and others. It is true that the hypothetical 
type (Fig.Z47) shows a marked cephalization of the submentum, with 
obliteration of sutures resulting from this migration. Yet the pre- 
dominant condition of the heads studied shows only a certain degree 
of removal from the primitive type. Stronger chitinization has 
probably kept pace with the cephalization of: the dorsal surface, as 
well as the growing compactness of such a structure as the submentum 


But the very significant structure of the ventral surface, the meta- 
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ina, only shows a certain degree of removal from the primitive con- 


dition in most of the heads. 

Developmental processes such as are discussed above can be best 
worked out through a comparative study of a large series of forms. 
In fact the determination of the homologies of some structures enter-| 
ing into these developmental processes, as for example the various 
changes in the epicranial suture, and the determination of the nature] 
and line of development of the ares between the occipital foramen and 
the submentum, would probably be most difficult without this compare- 
tive study. The chief value of this study lies in all probability 
in the determination of homologies, to the end of understanding the 
lines of development present. The homology existing between the var-} 
ious structures of the head-capsule of Coleoptera and other orders of] 
|insects, particularly the generalized orders, seems to work out satis 
factorily. From such an homology the hypothetical type was construct 
ed without much difficulty. In general appearance it is oblong and 
rather flattened dorso-ventrally. Such a form is fairly character- 
istic of generalized insects and of the more generalized Coleoptera. 
The mouth may be considered as directed cephalad. Such a direction 
is representative of the vast majority of the heads, and for purposes 
of convenience, at least, the following discussion considers the head 
as extending cephalad. ‘Some possible exceptions in which the head 
appears to be directed ventrad are found in Calopteron (Fig. /#9), Ma-| 
erosiagon (Fig.f7), Tharops (Fig./7%4), Throseus (Fig./6¥%), Byrrhus (Fig 
/7¥O), and a few others. It should not be forgotten, however, that in 
primitive insects the mouth is directed ventrad, and the occipital 


foremen is on one side instead of at the opposite end. 


Epicranial suture.-- The line of closure of the head in the em- 
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bryo is represented by the epicranial suture. The complete epicrania 


suture is typical of generalized insects. Where it is present in Co- 


leoptera, this denotes a generalized condition. The primitive form 


of the epicranial suture is that of a deep inverted Y, with the ce- 


phalic ends of the arms near the lateral border of the labrum. The 

ee head is represented as having a complete epicranial su- 
Iture. The epicranial stem extends to a transverse line drawn through 
- middle of the compound eyes. Branching here, the epicranial arms 
continue to the margin of the head cephalad of the compound eyes. A 

——- epicranial suture is not of general occurence in the Coleop- 
tera. It is practically complete in Hydrous (Fig.f) and Hydrophilus 
(Fig./2), 


So in the former, and characteristic in form. 


very distinct and sharply invaginated in both, particularly | 


Each arm reaches the 


margin of the head almost immediately cephalad of a compound eye, and | 


(Fig.d 34) 


the arms are not as generalized in position as they are in Epicauta,, 


where they are quite distinct. The only other occurrence of a com- 


plete epicranial suture is in Chelymorpha (Fig.y2). Here the arms 


meet the stem farther caudad than in the other genera named. The arms 


in this last genus are distinctly curved, as contrasted with the more 


or less straight arms in the above-mentioned genera, 
The epicranial arms or some portion of them ere present in all 


Coleoptera, except possibly in Calopteron (Fig.Z7)and Photinus (Fig.3) 


One or more species of every superfamily of the Adephaga and Poly- 


phaga, except the Elateroidea, Byrrhoidea,Rhysodoidea, and Rhyncho- 


phore, have the arms complete. In the Caraboidea they are prominent 


= 
os 


S$ nearly straight sutures across the head, as in Tetracha (Fig.Z), 


icindela (Fig.3), Calosoma (Fig.¢), and Harpalus (Fig.@). Their 


most generalized condition in the Adephaga is found in Omophron (Fig J 
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16 
in which they extend from the meson at a sharp angle. . Representative 
Species of other superfamilies that have the arms complete sre: Ne- 
erophorus (Fig./3), Tachinus (Fig./7), Chauliognathus (Fie.3o), Cupes 
(Fig.J6), Cephaloon (Fig.37), Notoxus (Fig.#Z), Heterocerus (Fie.52), 
Eucinetus (Fig.50), Mycetophagus (Fig.é9), Tenebrio (Fig.3O), Bostri- 
chus (Fig.jG), Aphodius. (Fig.90), and nearly all the Cerambycoidea. 
Species having parts of the epicranial stem preserved are not very 

icommon. In Omophrom (Fig.5), Tachinus (Fig./7), Penthe (Fig.J53), 
a & number of the Cerambycoidea, parts of the cephalic end can be 
jidentified; in Omophron (Fig. 5), Phengodes (Fig.297), Cupes (Fic.g), 
ISitodrepa (Fig. JJ), Blephsarida (Fig.//), and a number of the Rhyn- 


Bie. parts of the caudal end are present. Chalcophora (Fiz.¥7) 


jretraopes (Fig./% sre peculiar in possessing practically all of the 


The arms in Chalcophora are as short as 
in any other species studied. Parts of the arms are present in every 
Peer of length from nearly meeting on the meson, as in Nosodendron 
\(Pig.57), to almost complete disappearance as in Chalcophora (Fis .Z9g) 
jend Rhysodes.(Fig./7Z). They also show varying degrees of disappear- 
ence and invagination, from the deep, distinct invaginations of such 
forms as Dineutes (Fig. Y¥), Necrophorus (Fic./3), Tachinus (Fig./7), 
Heterocerus (Fig.JJ), and Arthromacra (Fig.7/), to the faint or slen- 
her and shallow or not at all invaginsted sutures characteristic of 
he Scarabseoidea. The character of the invagination associated with 
the epicranial arms is not as Simple as may be thought. In Harpalus 
Bigs.674 44), the epicranial arms extend from the meson along the 
pdge of the invagination to the pretentorinsae,from which they extend 
o the bottom of the invagination, curve laterad, and continue to the 


hargin of the head. The course of the epicranial arms can be better 
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17 
understood from Omophron (Fig.S), a related genus, which hss re- 
tained the cephalic portion of the epicranial stem. The line of the 
invagination appears to be and often is considered to be simply the 
Clypeal suture. If a specimen of Harpalus is soaked for a long time 
in potassium hydroxide the invagination can be opened and the various} 
structures in this region studied advantageously. The invagination 


when opened (Fic./67) will be seen to assume a deep wide wedge-shaped | 


form, extending entirely across the dorsal surface of the head. The 


pretentorinae are located on the external dorsal surface just caudad 
of the cephalic margin of the invagination, Although the epicranial j 
arms are not in evidence anywhere between the meson and the preten- 
torinae, it is assumed that the cephalic marginal ridge must repre- 
1 sent them, since the pretentorinee are not only located caudad of 
the invagination, but the arms are quite distinct, extending from 
the pretentorinae to the bottom of the invagination, in which they 
then curve laterad and continue to the margin of the head. From a 
cross-section (Fig.7f) it will be seen that the pretentorium expands 
cephalad in characteristic form from the pretentorina along the epi- 
cranial arm: to the bottom of the invaginetion. In Calosoma (Fig.¢ ) 
the seme condition of this region is found as in Hsrpalus. In Omo- 
phron (Fig.4) the epicranial arms sre distinct between the preten- 
torinae, extending from the meson along the cephalic border of the 
invagination. From figure/6¥it will be observed that the cephalic 
porder of the invagination in Harpalus is along the imaginary line 
of the fronto-clypeal suture. This border may represent the cephal- 
ie limit of the front. The invagination, then, in Harpalus and Ca- 
losoma includes the entire front. The line of the invagination in- 


steed of being solely a part of the epicranial suture is in fact 
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18 
compound in nature, representing the approximation of the caudal bor- 
ders of the front and post-clypeus, and that part of it between the 
pretentorinse may be termed the clypofrons. . lLaterad of the pre- 
tentorinae to the margin of the head the line of the invagination is 
readily seen to be an approximation of a part of the vertex with the 
caudal border of the postclypeus and cannot be included in the eclypo 
frons. Due to the more primitive position of the epicranial srms in 
| Omophron the invagination in this genus contains only s part of the 
l front, hence the line of the invagination between the pretentorinae 
} is Simple in nature. In Tachinus (Fig./7) the epicranial stem ex- 

j tends distinctly into the invagination, the arms continuing in the 
same to the margin of the head. As should be expected, the preten- 
‘torinae are within the invagination. The line of the invagination 

# in Tachinus is then of a different character from that of either Har- 
palus or Omophron. In Tachinus, it hes nothing whatever to do with : 
the epicranial suture nor with any other suture, being throughout 

the approximation of parts of the external dorsal surface of the ver- 
tex and the front. It is obvious from the sbove discussion of three 
types of the invagination associated with the epicranial arms that 
the dorsal surface of the head-capsule in Coleoptera must be studied 
most carefully before a correct interpretation of the parts can be 
made. This is most true in the case of any invagination that may be 


present. The latter may not be readily observed when the head-wall 


is strongly and darkly chitinized, necessitating treatment of such 


specimens before the parts can be clearly made out. In some genera 
such as Dermestes (Fig.§55), Scolytus (Fig./@Z, and Dendroctonus (Fig. 
Ag) 911 external trace of the line of the invagination may be lost. 


In such cases a true understanding of the parts can only be gained 
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from an examination of the ental surface of the head. But in aes 
ized forms the ental indication of the invagination may also be ef- | 
faced. 

The epicranial suture can always be iocated from the determina- 
tion of the position of the pretentorina. The letter is always close 
ly associated with the epicranial suture, being present either in or 
just off of the suture, in which case the pretentorina resembles a 
sort of pocket. There is usually little difficulty experienced in 
locating the suture. The cephalic ends of the arms sre the most per- 
sistent parts of it, being present when the remainder of the suture 


eannot be identified. Interesting examples are found in most Rhyn- 


chophora, where the remnants of the epicranial arms are represented 


by short furrows located at the cephalic gnd of the snout. The epi- 


|eranial arms are typically structures of the dorsal aspect, but with 


the shifting and modification of other parts of the head may be con- 
fined to the lateral aspect as in Dineutes (FPic.fyy), Helichus (Fis.d7) 
Adalia (Fig.z2#%), or to the ventrel aspect as in Cybister (Fig.z25), 
Hydrous (Fig.7%), and Phalacrus (Fig.3z). 

Vertex.-- That part of the hesad-capsule not embraced by the 
three primary sclerites cephalad of the epicranial arms, the occiput, 
and the postgena, constitutes the vertex. Its extent is determined 
by the form and size of the three above-mentioned sreas, For in- 
stance, in those species with much reduced epicranial arms, as in 
Creophilus (Fig./¢g), Limulodes (Fig.Z/), Adalia (Fig./7/), and Phalac- 
rus (Fig.7/), the extent of the vertex is correspondingly increased. 
In the Rhynchophora, as represented by such species as Lixus (Fig.s3) 


and Sphenophorus (Fig.&#/), it is very extensive, including practicel- 


ly all lof the snout of the dorsal and lateral surfaces). The area 
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located on the latersl aspect cephalad of the compound eyes, between 
the latter end the epicranial suture, is the gena, a part of the ver- 
tex. The limits of the gena are not definite. The prominent ridge 
in many genera, dorso-mesad of each gens and antacoria, is the so- 
called frontal ridge, that extends in the general direction from the 
epicranial arms to the mesal margin of the compound eyes. The fronta 
jridge is prominent in Harpalus (Fig.6), Necrophorus (Fig./3), Tri- 
Hchodes (Fie.32Z), Pyrochroa (Fig.#0), Dermestes (Fig.3$), and many 
others. | 
Occipital Suture.-- In generalized insects the occipital suture 
#isS confined to the ventral or caudal aspect, beginning near the lat- 
eral margin of the postcoila and extending around the caudal or dor- 
|Sal margin of the occipital foramen. In the Coleoptera this suture 
Harises laterad of the postcoila, extends cephalad for a considerable 
| distance, then curves abruptly laterad, extending onto the dorsal as-| 


pect of the head, where it joins the suture of the other side at the 


| meson. The genus Cicindela possesses the most generalized condition 


of this suture found in the Coleoptera. The cephalic end of the su- 
ture is modified into a ridge. This ridge is considered a later de- 
velopment, and is not shown in the hypothetical type. It unquestion- 
ably represents a part of the occipital suture, and can be identified 
in practically all the Coleoptera, as in such widely separated groups 
as Molamba (Fig.26/), Nacerda. (Fig.Zg/), and Byturus.(Fie.3/3}. The oc- 
cipital suture separates the vertex from the occiput and the postgena 
Only the Caraboidea seem to possess with certainty an unmodified oc- 
cipital suture. In Cicindela (Fig.3 ) it is complete; sand nearly so 
in Tetracha (Fig.4), but very faint in great part. In Calosoma (Fig. 


250 the unmodified suture begins farther caudad and is more distinct. 
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21 
In Omophron (Fig./27). two short, cheracteristically curved, lateral 
ridges no doubt represent remnants of the occipital suture. The ridge 
across the lateral aspect in Peltodytes (Fig./29) msy also represent 
ithis suture. In Cybister (Fig.259 it is probsbly represented by the 
crescent-shaped suture on the ventral aspect. Ridges or furrows ap- 


pearing in the same general location in other species, such as Aleo- 


Wchara (Fig.2é6), Throscus (Fig.293), Cyphon (Fig.30/), and Aphodius (Fig 


1337). may possibly be homologized as occipital sutures. In most cases 
these'ridges seem to be merely to mark the limits to which the head 
is telescoped in.the prothorax. 

Occiput.-- In those species possessing an occipital suture the 
occiput is recognized as a distinct area. It includes the region be-| 

I} tween the occipital foramen and the occipital suture as far as the 
postgens, appearing as a sort of broad band across the dorsal aspect, 
divided by the epicranial stem and indistinguishably fused on the lat 
eral aspect with the postgenae. ixamples of a well-marked occiput 
are present in Tetracha (Fig.4), Cicindela (Fig. 3), Calosoma (Fig. 
4), and Harpalus (Fig. é@). In Omophron (Fig.Z7) the occipital su- 
ture is so short that the limits of the occiput cannot be definitely 
determined. In those species not possessing a recognizable unmodi- 
fied portion of the occipital suture, the limits of the occiput can 
only be judged accordingly. Even in generalized insects the occiput 
is nearly always fused with the postgenae, and is so represented in 
the hypothetical type. 

Compound Eyes.---There is a great similerity in the form and lo- 
cation of the compound eyes. The general form is oval. They are lo- 
cated near the middle of the lateral margin of the head. Such a form 


and location is given in the hypothetical type. There are a number 


[oye Lag 


me 


— 


oT) 
ia 
4 


beveto vJ Taniéeiretesteno. . sede emt. ie 


SER PSG SAT To ahiaeeg abve sea 


+ 


‘} .carykovle 


i RS. wit) saree 
Ie .t nev ef, 4a otk 
BOL Sol 123ao 

5 
LF X out ae ni i 
= 
ee ae | aly LSiTtes?g 
. I t 
{ Sere 
c if C Sie 
: i C2 2s 
2 = = 
a . fatness 


serene caceate 6g are 


“5 ; 


=r: 
ay i 
oa 
[ 


—+ Ry) Eo 2 es 


Ad 


of interesting variations in form from the normal type. Dineutes 
(Fig./33) and Tetraopes (Fig.soz) heve four complete eyes. This phe- 


nomenon is produced by a projection of part of the vertex.into the 


eye that in time completely separates the two halves. The line of 
closure between the projection and the opposite side is indicated by 
a distinct line--the exoculata. The beginning of such a projection 
His shown in Cephaloon (FPig.6@), Epicanta (Fig./0) end many others. 


In Cistelea (Fig.Zo/) and Osmoderna (Fig.2/3) the projeetion extends 


more than half-way across the eye. In Throscus (Fig./és) the projec- 


tionnearly separates the two halves. The eyes ot Peltodytes (Fig.7 ) 
Photinus (Fig.27) and Stenus (Fie./7) are very large. Unusual forms 
lot the eyes are found in Hypophagus (Fig.%Z), wnere they sre very 


along and narrow, nearly meeting on the dorso-meson; in Cryptocephalus 


| (Fic. /06) , where they are prominent, crescent-shaped, and extend well 
ecaudad on the dorsal surface; and in Aphodius (Fig.90), where they 


fare relatively small and squere-like. The eyes of Limulodes (Fic./493) 


are transparent and almost invisible; tnose of Leptinus (Fig./a3) are 


completely wanting. 


Oculata.---The oculata is present only on the inside periphery 


of the eye as & broad ring-like sheit. It is considered of little 


importance in this study. Its general size is indicated by the dot- 


ted sres within the eyes of Cicindela (Fig.#5), Dineutes (Fig./3st, 


Passalus (Fig.2z2/), and a few others. In forms with divided eyes the 


two sides of an oculate are pressed together forming an exoculate. 


supretentorina.-- The supratentorinae represent the point of at- 


tachment on the head-capsule of the supratentorium. They are not 


thought to be primary invaginations and may probably represent no 


nore than depressions. In the Coleoptera the supratentorinae are not 
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prominent,.as the pretentorinae and metatentorinae often are. They 


are situated on the dorsal surface of the vertex. ‘Their presence is 


not general, occurring commonly only in the Staphylinoidea. Outside 


of this superfamily the supratentorinae are found only in Phyconomus 
| (Fic.63) and Philothermus (Fig.76). ‘The supratentoria are usually 


lattached to the inner membrane of the body-wall, but unless an actual 


itentorinae are not considered as present. In generalized insects the } 


Hiatter are generally present. 


Their presence in the Coleoptera 
should indicate a primitive state. 
Ocelli.-- In all the Coleoptera examined, no indication of any 


ocelli has been observed. 


Antennaria.-- In generalized insects there is a ring-like scle- 


rite surrounding the periphery of each antacoria. In Coleoptera this 
clerite is present, but it is distinguished from tne head-capsule by 


ridge only. 


On most heads it is considerably reduced in size, about 


all that can be seen of it externally being its projection, the anta- | 


coila, upon which the scepe of the antenna articulates. On the other 


and, in Sandalus (Fig.4&7), Derobrachis (Fig.223), Tetraopes (Figazs, 


Leptinotarsa (Fig.23/) and Anoplitis (Fig.234 ,the antennaria is quite 


prominent. The most generalized position ot the antennaria is consi- 


dered to be on the gena cephalad of the eyes, notwithstending that in 


peneralized insects the antennaria is quite frequently found distinct 
ly between the eyes. Embryology, however, shows that the antennae are 
4 


postoral in origin. Furthermore, in coleopterous lsrvae each anten- 


haria is located cephalad of a compound eye. Such a position in @ole- 


ppterous adults should denote the more generalized condition. The an- 


ennaria is very unstable in position. 
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in which it does not appear in both the generalized position and else 
where. In the Scarabaeoidea and Cerambycoidea, though the position 
of the antennaria varies within certain limits, yet it shows a char- 
acteristic location. In the former it is either on the lateral or 

ventral aspects, while in the latter it occurs only on the dorsal as- 
| pect. In no other large groups does the antennaria appear so con- 


1 stant in position. In Calopteron (Fig.Z7) and Phengodes (Fige.z7) it 


lis exceptionally large; in Dineutes (Fig/3s}] and Alobates (Fig.202) it 


is exceptionally small. 

Antacoria.-- The membrane attaching the antenna to the head-cap- 
sule is the antacoria. In removing the antennae the antecoria is 
1 often torn, and as it plays no significant part in this study no at- |] 
| tempt was made to represent it in every case. The antacoria vsries 
in size depending upon the size and shape of the scape. It is indi- 
cated in a number of figures by the stippled area: Omophron (Fig./z7), 
Neerophorus (Fig./¥), Calopteron (Fig./¥7), Phengodes (Fig.ss0), and 
} Chanliognathus (Fig J46). 

Antacava.-- The depression in the vertex, usually in the gena, 
within which the antennaria and antacoria are situated is the anta- 
eava. It is always present, so far as is known, and is developed 
into a deep socket in Dineutes (Fig.495}, Connophron (Fig.43%), Sco- 
lytus (Pig.24#], and Dendrottonus(Fie 246). 

Pretentorina.-- The points of invagination ot the pretentoria 
on the head-capsule are the pretentorinae. They sre always located 
along the epicranial suture in the Coleoptera. In generalized in- 
sects and the more generalized Coleoptera, they are situated on the 
lateral margin of the head. They are therefore represented in this 


position on the hypothetical type. ‘he pretentorinze have been 
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identified in every species studied except possibly Calopteron (Fig. 
27) and Photinus (Fig.zj). In the latter they sre represented by 
depressions caudad of the eyes. Their position along the epicranial 


suture varies greatly. In widely separated groups they may be prim- 


| itively located, as illustrated in such diverse forms as Omophron 


(Fig.5), Necrophorus (Fig./3), Scaphidium (Fig.Z3), Chavliognathus 
(Fig.jo), Cephaloon (Fig.J7), Nacerda (Fig.2f), Aleus (Fig.¢9), Phy- 
fconomus (Fig.¢3), and Glycobius (Fig./o/). The position of the pre- 
| tentorina evidently cannot possess any important significance in 
every instance, yet its position may be characteristic sometimes. Int} 
the Scarabaeoidea it is never on the dorsal surface; in the Ceramby- 
coidea it is always on the dorsal surface. In this respect, the pre-| 
4 tentorinae and the antennarise behave similarly. As a matter of fact} 
they are usually associated together, but there are some striking ex- 
fceptions. The antennariae of Macrosiagon (Fig.z7g) sre located well 
ecaudad of the cephalic margin of the eyes, while the pretentorinae 
are situated at the ventro-lateral margin of the head(rig./9). 
opposite condition is found in Phenolia (fig/fg). The antennariae in 
the vast majority of cases aeopeaudad of the pretentorinse. 

The pretentorinae are the great landmarks of the head-capsule. 
On their location the determination of the presence and position of 
the epicranial suture is often dependent, and, consequently, the ho- 
mologies of large areas of the head-capsule. A case in point is that 
of the Rhynchophora,in which the pretentorinae ere located near the 
cephalic end of the snout, on the dorso-lateral margin. ‘he epicra- 
nial suture is reduced to the very short cephalic ends of the epicra- 
nial arms, and though we cannot, therefore, indicate with precision 


the cephalic limits of the vertex, its approximate limits can be 


Ayer 
ALith . 
; 3 
J asl > 
, j 
és 
' P v Yun 
La 
b 
rif 
{ 
: + 
ry 7 
& ool “ta on 
| 
he L 
7 “ 
s 
i 
«” 
x t= 
: ie : 
‘ 
’ 
‘ 
r , 
‘ 
a f 


Len 


3} 4) 
ee 
’ 
n 
4 
a 4 
j 


Ai 9 Yon? 


Z 4 
j 
; 
|= 
" 
‘ 
+ t 
‘ 
be 
+ 


s va 
wit) soretytlat yickseoy fdquxe bulfxt? stSaege eee 


tii 
ROLF feon 


ia flevbss 


= Ls 
© U ; ; 
. “> : 
, — 


- - =< ew 2 pr 


Pri 


fais P nee ne ¢ . 


, 


‘rei axn ung ba is 
ee A 


. ia) feb 


ioren 22 ae 
ia Ly) 0 a 
wos csine sie es 
4 é 
cat Ay cat 
: Sls, an te 
4, . 
f Eye ~{ 4 ra ar ; 7 
z re 2h :-t BS 


{ , 
(e ‘sioto oe 
JP 4 


: 
~? 
’ 
= 
ea 
and 
- 
$i 


a we i ae a 


ii> ALS o 


Ee <r i) ri EIA a) dal 
ey 


Ve = 


{ eae 


ey ee 


oi4 


judged, which would show the vertex to occupy nearly all the dorsal 
and lateral aspects of the snout. An exception to the ebove-mention- 
ed position of the pretentorinae is found in the Scolytidee (Bige.2#4) 
in which the pretentorinae are located in the antacava. 


Front.-- The sclerite embraced by the epicranisal arms is the 


front. In the hypothetical type (Fig./) its caudal and lateral lim- 


| its are the epicranial arms. Its cephelic limit is indistinguishable 


Since the front is fused with the postclypens. The approximate line 
of fusion is indicated by a dotted line, There is no indication in 
Jany head of a fronto-clypeal suture. The size of the front depends 
upon the position and direction of the epicranial arms. In those spe{ 
cies possessing the inverted Y type of arms, the front assumes con- 
| siderable proportions, but where the arms have been forced into es 
more or less straight line across the head, the invagination associ- 
Reta’ with the epicranial arms includes practically the entire front. 
As mentioned previously, the epicranial arms extend in this manner a- 
eross the head in a wide series of families. The front must hence as 
sume this form. In just as wide a series of families, the epierenielll 
arms are in process ot disappearing. In such cases, the caudal lim- 
its of the front can only be judged approximately. In great reduc- 
tion of the arms, as represented by Phalacrus (Fig.J2/) and Macrosia- 
gon (Fig./y), the vertex, the front and the postelypeus are indis- 
tinguishably fused into one area. 

Clypeus.-- In all species the clypeus is divided into two dis- 
tinet selerites, the postclypeus and the preclypeus. This condition 
is not present so far as I know in the more generalized insects such 
as the Orthoptera and Pllecoptiera. In some Neuroptera, however, the 


preclypeus is a large charecteristicsclerite,quite similar to what has 
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rads 
been designated as the preclypeus in the Coleoptera. It may possibly 
represent the extraordinary development and differentiation of the lag 
‘bracoria, but its size,shape and form would militate against such an 
assumption. It seems much easier to believe that this area is a true 
sclerite, and in this discussion it will be so considered. 
Postclypeus.-- The broad cephalic part of the srea between the 


fepicranial arms in the hypothetical type (Fig./) represents the post 


I clypeus. In generalized Coleoptera it is of considerable size if the 


dorssl surface has retained a generalized form. The shape, form, and 
#Ssize of the postclypeus is correlated with the position and extent of] 
the epicranial arms, which has already been discussed. In highly 
specialized forms like the Scarabaeoidea (Figs.7/73), the postelypeus 
may be even more extensive. Among the Staphylinidae, the postclypeus 
may be very lerge in Tachinus (Fig./7) end Aleochara (Fig.f7), and 
very small in Creophilus (Fig./y). In Chalcophora (Fig.z¢g) the ceph- 
alic and of the vertex is located on the ventral aspect of the head, 
and the posteclypeus is reduced to hardly more than a line. Among the] 
Cerambycoidea the postclypeus is generally very large. In Rhyncho- 
phora it is quite reduced in size, except possibly in the Scolytidae. 
Clypealia.-- The caudo-lateral projection or lobe of the post- 

eclypens is the clypealis. In Orthoptera and Plecoptera the clypealia 
is not separated from the remainder of the postclypens. In the larvag 
of Corydalis’ it.is a very prominent sclerite. The clypealia in the Co 
leoptera is often sepsrated from the postclypeus proper by a distinct 
furrow or suture. It is quite loosely attached to the postclypeus in 
the Cicindelideae (Figs.z¢uz5), the Carabidae (Figs ./2¢/29) , 

many of the Cerambycoidea (Figs.mw/os), and others. Difficulty is 


often experienced in removing the mandibles from the head without 
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detaching the clypezlia. The close resemblance between the Neuropterd 
and the Coleoptera in other respects would lead one to believe thet 


this similar structure in the two orders must be homologous. The pre 


Late of this furrow in the Coleoptera is wide-spread, as a glance at | 


pene figures will show. It can probably show little significance as a 
Jindication of primitiveness. It must, though, have been present in 
the primitive Coleoptera, and is hence shown in the hypothetical type 
Mandibularia.-- In most of the Orthoptera a small triangulsr areg 
is present, extending from the precoila to the cephalic end of the oc 


cipital suture. This sclerite is known as the mandibularia. No such 


Preclypeus.-- The dorsal surface of the larvae of Corydalis is 


very generalized. On this surface there is a prominent submembranous 


{ 
| 
| 
res has been located in the Coleoptera, 
| 
| 
| 
| 
| 


sclerite between the postclypeus and the labrum, the preclypeus. Such 
@ selerite, very similar in size, form, texture, and position, is pred 
jsent in Tachinus (Fig./7), Arthromacra (Fig.77), Trichodes (Fig.32Z), 
lena Glycobius (Fig./o/). This sclerite is considered the preclypewus. 
Figure 7# is a longitudinal section of the dorsal aspect of the head 
of Harpalus, and shows the characteristic position of the preclypeus. 
It is always present in the Coleoptera, though often considerably re- 
duced in size. The preclypeus is slways membranous except in Photinug 
(Fig.27), where it is chitinized and the labrum is membranous. Be- 
Sides the forms mentioned above, the preclypems is large and prominent 
in Necrophorus (Fig./3), Connophron (Fig./é6), Macratria (Fig.¢/), Phi 
othermus (Fig.7), Hippodamia (Fig.%), and many others. Very fre- 
quently the cephalic end of the postelypeus is infolded, thus carrying 
he preclypeus and the labrum with it. In such cases the preclypeus 


annot be seen from the dorsal aspect. MThepreclypeus,, no matter how 
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29 
deeply it is infolded, is except in a few ceses, Sharply differentiat 
ed from the postclypeus and the labrum. In Glischrochilus {Fig.499)- 
end Chauliognathus (Fig./4) the postclypeus and the labrum were in 
such close approximation that the preclypeus could not be observed un 
til the two above-mentioned sclerites were Separated, and this was 
WPossible only after long Soaking in potassium hydroxide. In most of 
the Xhynchophors, due to the fusion or absence of the labrum, the pre 
elypeus could not be identified. The preclypeus, however, was promi- 
nent in Attelabus (Fig./Jo) and somewhat reduced in Thecesternus (Fig, 
W63) and Epiceerus(Fiz.3e9). 

Labrum.-- The broad prominent sclerite attached to the cephalic 
end of the clypeus in generslized insects is the labrum. In Coleop- 
tera possessing other generalized structures, the labrum is typically | 
lof the same general form. ‘the lebrum is so Shown in the hypothetical 
type. In position the hypothetical lebrum Should be, with the precly 
eus, in accordance with their condition in generalized insects, on the 
same general level with the remainder ot the dorsal surface. The gen- 
eralized form and position of the labrum is present in every super- 
fémily except the Blateroidea, Dryopoidea, Rhysodoidea, Scarabacoidea, 
pnd the Khynchophors in which the postclypeus has been infolded, thus 
Forcing the labrum onto the ventral aspect. All the superfamilies 


onteining Species with the labrum generalized, contain about as many 


Ri it in various degrees of specializetion, as to form, size, tex- 


ture and position, The labrum in Connophnron (Fig./é), Photinus (Fig. 
2%), Philothermus (Fig.70), Melanophthelmus (PFig.7¢), Eurymycter (Fig 
WS), and others, ere large and membranous. The labrum of Aphodius 

(Fig.337) is large but very thin and delicate. The labrum of Scolytus 


(Fig.%35 and Dendroctonus (Fig. #9 are probably membranous. In the 
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latter, a significant-looking slightiy chitinized structure is located 


| 
| 


|i hecesternus (PFig.3¢7) there is a membranous area closely joined to the 


in the membrane within the mouth that may represent the labrum, In 


postelypeus that probably represents the labrum. In Hupsalis (Fig366 


jizus (Pig.3¢6), Sphenophorus (Fig.368), and Rhynchites (Fige.7%2), there 


is an area within the mouth, bounded by furrows, that may be the la- 


Hb rum. 


ithe same location and lying flat against the postclypeus a very thin 


Such are particularly suggestive in view of the fact that in 


It is present in every species, ex- 


cept possibly the rhynchophorous genera named above, where it is al- 


Iweys said to be wanting. 


Occipital foramen.--The prominent opening in the caudal part of 


the head is known as the occipitsai foramen. It is generally very 
jlarge, but in some of theliordelloidea (Figs.#6/4%) and in Connophron 


(Figs), Cupes (Fige./so7, and Rhysodes (Fig./fZ), is reduced in dimen- | 


Sions, due to the constriction of the caudal end of the head. In Ca- 
lopteron (Fig./7), Photinus (Fig./4%), Alaus (Fig./67), and Tetraopes 
(Fig.22f, the occipital foramen is extraordinarily large. 
Submentum.-- In order to understand clearly the developmental 
processes that take place on the ventral surface, it is necesssry to 


onsider a sclerite, belonging to the moutirparts, the submentum. In 


peneralized insects the submentum is not only adjacent to but is one 


of the covering parts of the occipital foramen. Such a position is 


not found in the Coleoptera. Here, it is always located cephalad of 


he occipital foramen with a distinct area between the two. In the 
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Vast majority of heads this area is very wide. It is considered as 
having been present in primitive forms, and is so shown on the hypo- 
thetical type. The submentum in generalized insects is a large quad- 
rangular movable plate. Meany genera of Coleoptera show a similar 
size, form , and mobility, as in Leptinus (Fig.zZ5g9, Necrophorus (Fig. 


59), the Staphylinoidea (Figs.26j2z69, Nacerda (Fie.27/), Pyrochroe (Fig 


a 
1737), Alaus (Fig.zy), the Dryopoidea (Pics 295278) , the Dascilloidea 


} (Fig. 300), and Byrrhus (Fig.jo3). In these three characters, and the 
Jecditional one of position in respect to the parecoila, which in gen-| 
| erslizea insects is normally found beneath the submentum, that of the 


Adephaga seems to be the most primitive. The innumereble sizes and 


| forms assumed by this structure throughout the entire series of fami-] 
lilies can best be judged by glancing at the figures. It is extraordi- 
narily large in Rhysodes (Fig.3035). 
| Metatentorina.-- The invaginations on the external surface of thq 
head-capsule of the metatentoria are the metatentorinae. In the Or- 
thoptera the metatentorinee are located along the cephalo-lateral 
border of the occipital foramen as invaginations between the maxill- 
arise and the postgenae. They are not in any way associated with the 
submentum in generalized insects or in the Coleoptera. ne same rel- 
ative position of the metatentorinae is maintained in the Plecoptera. 
In a number of Coleoptera, as in Helichus (Fis.296), Stenelmis (Fiz.297 
Heterocerus (Fig.277), and even in the platystomid, Eurymycter (Fig. 
this same generalized wepition of the metatentorinae is found. Ina 
number of Coleoptera the metatentorinae are situated considerably 
cephalad of the occipital foramen. The question might be raised as 


to whether the metatentorinae that are so located could possibly be 


more generalized in position than those situated adjacent to the 
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occipital foramen. In every instance in which the metatentorinae are 
located cephalad of the occipital foramen, a suture connects the met- 
atentorinae with the foramen. In only a few cases does the suture ex 
tend much farther cephalad than the metatentorinae. This suture in 
the vast majority of heads studied does not extend cephalad. It is 
readily seen how the metatentorinae might be drawn cephalad and as a 
result a suture be formed marking their line of migration. In such a 
process one would naturally not expect to find a suture located ceph- 
alad of the metatentorinae, and in the cases in which the suture does 
extend so it is easy to understand that the force of the cephalic 
pull might have been communicated to this region, producing in conse- 


quence a suture or invagination. Due to the shape of the head, it is 


there would be formed a suture cephalad of the metetentorinae, mark- 
ing the line of migration. In this discussion the generalized posi- 
tion of the metatentorinse will be considered as that of their general 
ized position in more primitive insects, at or near the occipital for 
amen. 

In the development of the coleopterous head the metatentorinae 
have shown a tendency to migrate cephaled. The cephalic migration of 
of the metatentorinae and the ventral migration of tne pretentorinae 
and other structures, were no doubt due to the same force, the result 
being a closer approximation of parts,which naturally supplied in- 


creased firmness to the head's mechanics of operation. The Dryopoides 


Show the most generalized position of the metatentorinae. Genera of 


this superfamily nave been mentioned above. The Elateroidea 


probably possess the next most generalized metatentorinae, such as in 
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Sandalus (Fig.287) and Alsus (Fig.Z#). The Cucujoidea show the meta- 
tentorinae just a little removed from the occipital foramen, as in 
Megalodacne (Fig.3jz), Anchicera (Fig.¥/4), Philothermus (Fig.j/7) , and 
In the geners of other superfamilies, as Nosodendron (Pig 30g 
noplitis (Fig.3s), and Tetraopes (Fig348), almost the same degree of 


rimitiveness is shown. The large superfemily Mordelloidea show the 


ent through the group. In the Bostrichoidea, the Scarabaeoidea, and 


he Cerambycoidea, the metetentorinae show considerable variation in 


position. This is shown by a comparison of their position in Bostri- 


ehus (Fig.333 and Sphindus (Fig.335.. In the families to which Tetra-| 
pone (Fig.74f, Calosoma (Fig.zs), Cybister (Fig.75f, Dineutes (Fis zosr 
| Necrophorus (Fig.zs9), and Glicobius (Fie.3¢7) belong, the metatentori-| 
nae have advanced very far céphalad; near to.the submentum. In Pho- 
tinus (Fig.z7z) and Chaulioenathus (Fig.z7¢) they are located on or 
quite near the psracoila. 

Maxillaria.-- There is a nerrow plate surrounding the lateral and 
caudal margins of the occipital foramen in some generalized insects, 
between which and the postgenae the metatentorinsae are invaginated. 
This plate has disappeared in the Coleoptera. 

Cervix.-- The structure connecting the head-capsule with the pro 
thorax is called the cervix. It is normally composed of membrane, 
and a number of cervical sclerites. The size of the cervix depends 
upon the size of the occipital foramen, and the degree of mobility of 
the head. In the Lampyroides and some other forms the cervix is very 
large. ‘The cervix in Rhysodes (Fiz.305) is composed of tough fibrous 


membrane, quite different in structure from the normal cervix. In 
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34 
nearly all of the Rhynchophora the cervix is heavily supported by 
strong tendons attached at its cephalic end. ‘hese tendons take cere 
oft the added strain on the cervix due to the elongation of the snout.| 
There are more or less small cervical tendons appearing occasionally 
] throughout the whole series of families studied. In Molamba (Fiz.2Zé6/) 
4 the cervix is invaginated within the prothorax, doubling upon itself. 
7 The cervix in Bostrichus (Fig.jg33 doubles beck upon the head-capsule, 
qwhich is produced into a round projection. 


Cervical sclerites.-- The most prominent and persistent cervical 


sclerites are the pleural cervical sclerites, the cervepisternum and 


the cervepimeron. The former is usualiy the larger ot the two, and 
articulates at its cephalic end either against an odontoidea or sim- 
ply egainst the unditferentieted area surrounded by the occipital 
foramen. The latter usually extends in. a different direction from 
the former, and articulates st its cephalic end with the cervepister-| 
}num and at its caudal end with the prothorax. In Cantharis (Fig.2775/, 
| Macratrie (Fizc.733), Psephenus (Fig.Z”7, and others there is a single 
large selerite present. In the Adephage, in Leptinus (Figc.2o5y, Hy- 
porphagus (Fig.329, Phyconumus (Fiz.707, Pseudocistela (Fig.32Zg, and 
many others, there is a Single small subcirculsr sclerite present. 
Both of these types probably represent the cervepisternum. In a very 
large number of genera cervical sclerites are always wanting. They 
are poorly or not at all developed in the Cerambycoidea. None of the 
Rhynchophora studied possess a cervical sclerite except Hurymycter 
(Pig.3/), in which it is very smali. The ventral cervical sclerite 
is the cervisternum. Nacerda (Pig.23/), Cucujus (Fig.39/#), Hister (Fig 
Z7o), Tenebrio (Fig.3%) and a few others, possess two small small cer- 


victerna, while Tomoxia (Fiz.28% possesses a long narrow one. The 
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ecervisternum is on the whole of infrequent occurrence. ‘The dorsal 


cervical sclerite is called the cervinotum. It occurs even less tre-| 


quently than the cervisternum. Hydrous (Fig.//) possesses a subquad- 


rangular distinctly chitinized cervinotum. In Aleochara (Fig./S) the 


eervinotum is divided into two distinct lightly chitinized subtrian- 


gular sclerites. Two much larger square-like sclerites are situated 


eaudad of these. All ot the Hydrophilidae and Scarabaeidse possess 


 setaceous caudo-lateral sclerites, which do not seem to be present in 


] other’ genéra studied. 
Odontoidea.-- Owing to the strong chitinizsetion of the head and 

1 the close fit of the head in the prothorax, there is little need for | 

#a special process or projection on the head for the articulation of 


ithe cervepisternum. Such a process is called an odontoides. The few 


linstances in which it does occur are in Scaphidium (Fig.37), Eucine- 


}tus (Fig.7y), Cyphon (Fig.gzg, Byrrhus (Fig.gzy), Nosodendron. (Fig.¢zs} 


Phyconomus (Fig.g3o) and Arthromacra (Fig.m. The latter genus, it 
is interesting to note, possesses no cervepisternum. 


Postgena.-- That part of the head-capsule on the caudal surface, 


W]mesad of the occipital suture and ventrad of the occiput, in general- 


ized iorthopterous insects is the postgena. The occiput is considered 
as extending to near the middle of the dorso-ventral length of the 


occipital foramen, thus limiting the dorsal extent of the postgenae. 


The latter sre widely separated from each other by the occipital for- 


amen, ‘he lateral parts of the large submentum distinctly cover the 


mesal parts of the postgenae. In the Coleoptere the occipital suture 


separates this region from the remainder of the head-capsule, as in 


generalized insects, and the occiput is also indistinguishably fused 


with the postgenae. But the postgenae, instead of being widely sep- 
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arated and their mesal parts being covered by the lateral parts of 
the submentum are directly connected by the broad area loceted be- 
tween the occipital foramen and the submentum (Fig./ ); and the sub- 
mentum is attached to the mesal portion of the cephalic margin of the 
| postgense. This area is indistinguishably fused with and undifferen- 
tiated from the postgenae in the hypothetical and the more general-' 
ized types of ventral surface. 

In generalized insects the submentum is joined to the cervix by 
the undifferentiated part of the cervix, the cervicoria. In the ceph} 
alic migration of the submentum, a part or all of the cervicoria must 
have been drawn in behind. ‘The postgense alone bordered the lateral | 
margins of the submentum and the cervicoria. A possible line of de- 


velopment may have been the chitinization of the cervicoria and the 


ee of the sutures separating it from the postgenae. The 


area between the occipitel foramen end the submentum would in 
J such @ ease be a modification of part or all of the cervicoria. It 
jis much easier to believe, instead, that because of the membranous 
condition of the cervicoria, no strong resistance was offered to an 
approach of the mesal margins of the chitinous postgenae, which would 
migrate thus to serve as a firm foundational support for the svubmen- 
tum, as well as to strengthen the solidity of the head-capsule as a 
whole. The mesal margins would in time approach so close as to press 
the two sides of the cervicoria into a line. Fusion of the mesal mar 
gins of the postgenae would finally take place, and the cervicoria 
would be divided into two parts. One part would be attached to the 
submentum entirely separsted from that portion of the cervicoria bor- 


dering the occipitsl foramen, and would be finally reduced to a su- 


ture. The other part of the cervicoria would remain as a portion of 
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the cervix. Whether the messl margins of the postgenae would ap- 
proach the meson as broad surfaces, or aS narrow ones and later elon- 
gate,it would be difficult to state with certainty, though the latter 
would probably happen. In the primitive coleopterous head it is not 
unlikely thet the head was much shorter, and that the area between 


the occipital foramen and the submentum was correspondingly shorter, 


iso that there would not be the necessity for a broad fusion of the 


ymesal margin of the postgenae. So far as observed there has been re- 
aval in no coleopterous head any marks of the line of fusion of the 
} postgenae. 

Abundant evidence is found for the conclusion that the broad a- 
rea between the occipital foramen and the submentum must be a part 
of the postgenae. A similar condition as in the Coleoptera is pre- 
sent in many families of insects. In many Hymenoptera the messl mar-| 
f gins of the postgenae are fused between the occipital foramen and the 
larticulation of the labium. That this is the true interpretation of 

7 this structure is shown by the fact that there is often a suture on 
the meson showing the lime of fusion, and is further substantiated byt 
the fact that this area bears on its ventral margin the paracoilae. 
In all cyclorrhaphous and orthorrha phous Diptera the area ventrad of : 
the occipital foramen is a continuous chitinized piece, similar to 
that found in the Coleoptera, and is derived from the fusion of the 
mesal margins of the postgenae. 

It may be well to add here that the expression “cephalic migra- 
tion" as applied to the changed location of. such a’ structure as the 
submentum, may be only relatively correct in its suggestion. Very 
probably the occipital foramen in Coleoptera has migrated dorsad, at 


least it has sssumed this typical position. Such a migration in 
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itself would produce an elongation of the ventral surface, with a con 


sequent production of the broad area between the occipitel foramen 


and the submentum. Whether the force exerted on the head was direct- 


ed more towards the ecephalization of the submentum or towards the dor 


salization of the occipital foramen it would be hard to say. ‘tne con 


dition resulting would be in either case approximately the same. For 
i purposes of convenience and simplicity of language, the expression 
i"cephalic migration" is used in this discussion. 


This broad area between the occipital foramen and the submentum 


is sometimes designated as the gula. Usually, though, the term gula 


is used to indicate a sclerite, on the meson of the ventral aspect, 


separated from the remainder of the head-capsule by distinct subpara-} 


llelsutures, the gular sutures. The term gula cannot satisfactorily 


tbe appoied to both an indefinite region and a distinct seclerite. The 


sula is considered in the latter sense in this discussion. For the 


present the area between the occipital foramen and the submentum will 
} simply be designated as the mesal parts of the postgenae. 


The cephalic end of a postgena is usually modified into a rather 


iilat area sloping towards the meson, upon which are situated a para- 


coila end a posteoila. This flat area is distinguished from the re- 
mainder of the postgena by a distinct ridge, which usually extends in 


& deep curve from near the lateral margin of a postcoila to near the 


caudo-latersl margin of the submentum. Sometimes this ridge is di- 


rected towards the occipital foramen, as in Leptinus (Fiz.253), Can- 


tharis (Fig.279), Macrosiagon (Fig.7Z%3), Tharops (Fieg.79z), Psephenus 


(Pig.z75), Helichus (Fig.2%), and others, Attention has already been 


ealled to the fact that the cephalic portion of this ridge represents 


the cephalic end of the occipital suture. This modified part is 
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reduced in size or indistinguishably fused with the remainder of the 
head, in Photinus (Fig.z72), Eucinetus (Fig.300), Alobates (Fig.3z5), 

1 Tenebrio (Fig.3z), Hyporphesus (Fig.3z7), most of the Scarabaeoidea, 

Sphenophorus (Fig.36%), Hupsalis (Fig.3¢60), and Lixus (Fic.3¢¢). 
Gula.-- There seems to be considerable confusion as to what 

stitutes the gula. Some investigators consider it as simply the 


4 tral portion of the ventral surface of the head-capsule. Others 


f strict it to the distinct sclerite appearing on the meson of the 


i tral surface of certain insects, including the Coleoptera. Since 
this sclerite is distinctive and characteristic it needs a name. The 
‘term gula is quite satisfactory to apply to it. The origin of the 

| gula also rests in considerable confusion. Comstock and Kochi (1902) 
| consider it the sternum of the cervical segment, and to strengthen 

| their argument they cite the situation in Corydalis, in which they 
state that the sternellum of the cervical segment is retained back of 
a the gula, and they figure it as the small quadrangular sclerite imme- 
| diately caudad of the gula. They do not mention the very much larger 
rectangular cervical sclerite caudad of their "sternellum". The lar- 
ger sclerite is suggestive of the sternellum, and the smaller one 
would then represent ee "sternum". It is generally stated that 
the gula is derived Soon lavienat sation of the neck membrane or cervix 
In the discussion preceding, dealing with the metatentorinse and the 
postgense, I haveattempted to show the impossibility of such a deri- 
vation. In many orders of insects structures on the caudal aspect of 
the head have been designated as the gula. My interpretation would 
prevent the recognition of the presence of the gula in any insects 
other than the Coleoptera, Neuroptera, Trichoptera, and possibly the 


Mecoptera. 
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practically 
In some Coleoptera there is,no gula (Figs.267277 ), whereas in 


others there is a complete gula (Figs. 49/ 25¢6 ). Between these ex- 
treme types there are found in the Coleoptera all gradations of a gu 
la in process of formation (Figs.29/ 256,333). Such a range of vari- 
ation in a structure simply emphasizes the importance of a compara- 
tive study of a large series of forms. The question as to which is 
the more generalized condition, the presence of a complete gula or 


i the absence of one, has been discussed previously, with the verdict 


in favor of the latter condition. It would then be impossible,othe 


f reasons not being considered, for the gula to be the sternum of the 
cervical segment. The gula is the sclerite formed by the migration 

} of the metatentorinae from the occipital foramen towards the submen- 
} tum, and must be derived from the postgenae. In this migretion of 

i the metatentorinae sutures are produced which are known as the gular 
sutures. The area between the gular sutures is the gula. It is evi- 
adent, then, that the presence end extent of the gula depend upon the 
position of the metatentorinae and the sutures which they produce. 

i The gula is complete in all the Adephaga except Peltodytes (Fig.253), 
in the Silphidae, the Staphylinidse, the Sphseriidae, the first four 
families of the Cantharoidea, and the Scarabaeidee, except Pseudolu- 
eanus .(Fig.343). Isolated examples in other families of a complete 
gula are Scaphidium (Fig.26yn, Helichus (Fiz.Zw%), Cyphon (Fig.3u), Byr 
rhus (Fig.3o3), and Leptinotarsa (Fig.354. The gular sutures nearly 
meet in Gastrolobium (Fig.z63) and Creophilus (Fig.géq, and are entire 
ly confluent in Necrophorus (Fig.Zs}, Scaphidium (Fig.269), Hister 
(Fig.270), Phengodes (Fig.z73), Chauliognathus (Fig.z%), and in all the 
Rhynchophora except Kurymycter (Fig .36/) , in which genus the gular su- 


tures are very short and widely separated. The gula in cases of con- 
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fluency of the middle portion of the gular sutures on the meson is 
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simply invaginated. The gula is complete but extremely short in Cal 


opteron (Fig.z7) and Photinus (Fig.z7z). The cephslic ends of the gu- 
lar sutures meet on the meson near the occipital foramen in Philothe 
} mus (Fig.3/7) and Anoplitis (Fig.357). The gula is partially membran- 

ous in Nosodendron (Fig.309), Sitodreps (Fig.33z) and Plesiocis (Piz.334 
) Gart.of-it is deeply invaginated transversely in Scaphidium (Fig.29), 
# Chauliognathus (Fig./7), Helichus (Fig.29¢), Stenelmis (Fig.297, and 
4 others. 
Epicranium.-- Most of the sclerites of the hesad-capsule are so 


closely united in some Coleoptera as to appesr as a single piece. 


| Straus-Durekheim (1828) so regarded this region in the head-capsule 


| of the Miay-beetle, and named it the epicranium. Used in the sense of 


| indicating a closely united area, the term seems satisfactory and may 


often prove convenient. It can then be only a relative term, includ- 


ing at times no more than the paired sclerites of the head, when the 


epicranial suture is well developed. Occasionally, the preclypeus 


and the labrum are closely joined to the head-capsule. In such cases 


the epicranium would embrace these structures, also. 


Paracoila.-- The small rather concave projections at the caudo- 
mesal maxeins of the postgenae against which the maxillse articulate 
are the psracoilae. Piney gant usually easily identified,.as in Molam- 
ba (Fig.z6/), Pytho (Fig.z@%), Heterocerus (Figwz9y, and Phymaphora 
(Fic.wy7). They are usually chitinized, but are membranous in a con- 
siderable number of genera. ‘The paracoilae are insignificant in size 


in Gastrolobium (Fig.Zé3), all of the Hlateroidea, Cistela (Fiz.32zy), 


and Tenebrio (Fig.326). In generalized insects the paracoilse are sit 


uated beneath the submentum. They are found in a similer position in 
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the Adephagea (Figs..1#725/), in Hydrous (Fiz.zs¢), and a few others. 
They are also always located on the postgenae in generalized insects. 

j This position is of great importance in determining the identity of 
the postgense in specialized insects. 
Postcoila.-- At the cephalic end of a postgena is always found a 
diosmnet crescent-shaped acetabulum-- the postcoila, against which 
y the postartis of the mandible articulates. Throughout the genera the 
| posteoilae exhibit some degree of difference in exact position upon 
the postgenae, in size, and in degree of shallowness. Their form and 
position are indicated in Calosoma (Fig.250), Spheerius (Fig.7693), No- | 
toxus (Fig.7%), and Derobrachus (Fig.3¢). In generalized insects the 
postcoila are also always located on the postgenae, and their posi- 
tion is of equal importance with that of the pareacoilee in determin- 
ing the identity of the postgenae. 
Precoila.-- The rounded condyle on the ventral surface of each 
4 clypealia, against which the preartis of the mandible articulates is 
1 the precoila. It is usually crescent-shaped, but sometimes, as in 
Peltodytes (Fiz.253), Cybister (Fig.25¢), Creophilus (Fig.2é9), Endomy- 
ehus (Fig.3z0), Dichelonyx  (Fig.33x), and others, the form is spher- 


ical. The precoilae are large in Macrasiagon (Fig.7f3), Epicauta (Fi; 


| 254), Tharops (Fig.z7z), Chauliognathus (Fig.774), Bostrichus (Fig.333), 


and others, and small in Dineutes (FigwZzss}, Photinus (Fig.27a, Heli- 
ehus (Fig.29%), Derodontus (Fig.3/3),and particularly so in Psephenus 
(Fig.27f). The precoilae can readily be recognized by their character 
istic form. Since they are always located on the caudo-lateral lobe 
of the postclypeus, or the clypealia of certain insects, they are a 
great aid in determining the limits of the postclypeus. 


Tentorium.-- The endoskeleton of the head is known as the ten- 
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43 
torium. It is composed of two anterior and two posterior arms or pro 
jections, and their various modifications. The anterior arms arise 
from the pretentorinee, and are known as the pretentoria. The pos- 
terior arms arise from the metatentorinae, and are known as the meta 
tentoria. In generalized insects one end of the pretentoria expand 
] along and are continuous with the epicranial suture. iach extends 
in a caudo-mesal direction, and narrows for a short distance, then 


expands along its mesel margin until a fusion is formed with the pre- 


| tentorium of the other side, producing the cephalic bridge or lami- 


7 natentorium. The pretentoria separate and then fuse again farther 
cauded with each metatentorium. The metatentoria extend cephalo-me- 
sad a very short distance, their mesal mergins expand and completely 
| fuse on the meson, producing the caudal bridge, or corpotentorium. 
The fusion of the pretentoria and the metatentoria is supposed to 
take place along the cephalic margin ot the corpotentorium. The dor 
sel projections arising from the lateral margins of the pretentoria 

f and extending toward and attached to the dorsal well of the head, ar 
the ee achteric. The ring-like plate surrounding the inside peri- |] 
iH phery of the occipital foramen is indistinguishably fused with and i 
& part of the metatentoria. The tentoria, as a whole, are distinctl 
ehitinized and well-developed. The typical condition of the tentor- 
ium in generalized insects is practically duplicated among the Coleop 
tera. The hypothetical type (Fig.370) has been constructed with this 
Similarity in mind. The greatest difficulty experienced was in de- 
ciding upon the primitive type of laminatentorium, whether it should 
be represented as complete or incomplete, that is, whether the two 
Sider of the laminatentorium fuse on the meson or not. Many Coleop- 


tera that in other respects are quite generalized do not show a com- 
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44 
plete laminatentorium, as Tetracha (Fig.37/), Omophron (Fig.375), Di- 
neutes (Fig.373), Leptinus (Fig.ge/), Tachinus (Fig.337), and Stenelmis| 
(Fig.7/g). The hypothetical laminatentorium is represented as nearly} 
meeting on the meson. At least, such a condition is thought to be 
not far removed from that which actually existed in the primitive Co 
leoptera. lLimulodes (Fig.339), Burystethis (Fig.¢0¢), Pytho (Fig.4o7), 
Philothermus (Fig.#7), Melanophthalma (Fig.#39), Hyporphagus (Fig.gse 
Sehinded (Fig.7%), and others, possess practically no trace of a lam 
inatentorium, but well-developed supratentoria. The latter sre fair 
ly wéll developed in Photinus (Fig.37g), Collops (Fig.s77), and Alaus 
(Fig.g7z), but there is neither a laminatentorium nor a corpotentor- 
ium present. There is no trace of any one of the three above-men- 
tioned structures in Tharops (Fig.¢3)and Throscus (Fig.wy). Phelac-| 
rus (Fig.wz and Eurymycter (Fig.vs3) possess only the rudiments of 
the pretentoria and metatentoria. The tentoria of the Cerambycoidea| 
(Figs. 474.4779 ) are very delicate and membranous. The pretentoria, 
the metatentoria, and the corpotentoria are always complete, while 
the laminatentorium and supratentoria are always either rudimentary 
or absent except in Pachymerus (Fig.v), in which the supretentoria 
are present. Other genera showing completely membranous tentoria ard 
jnumerous. Among these are Cupes (Fig.vo), Buryste thus (Fig.¢oc), Rhj 
sodes (Fig.¢zé), Languria (Fig.#2), and Pseudocistela(Fig.ws). 

Pretentorium.-- A generalized condition of the pretentorium, 


|characterized by a strong chitinization as a whole, and possessing a 


joroad flaring cephalic end, is found in the Adephaga (Figs.374 377), 


l 


|Leptinus (Fig.3%#), Necrophorus (Fig.3%4), the Staphylinidee (Figs.3%9] 


386), Georyssus (Fig.g26), Hucinetus (Fig.g2/), Dermestes (Fie. $23), 


and Derodontus (Fig.494). There are all degrees of gradation present 
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45 
from the most generalized pretentoria to those very delicate membrant 
ous ones represented by such forms as Heterocerus (Fig.4¢/9), Endomy- 
chus (Fig.#v),.Pseudocistela (Fig.#, Hyporphagus (Fig.gsv), the ma- 
jority of the Cerambycoides, and the mhynchophore. A very prevalent 


type,possessing a distinctly chitinized cephalic end and a membran- 


ous caudal portion sharply separated from the former, is represented 
in Epicauta (Fig.#sJ, Pytho (Fig.%f, Chalcophore (Fig.wsT, Alobates 
(Fig.#), Bostrichus (Fig.gry), Diabrotica (Fig.#7s), Dendroctonus 
|(Pig.gq), and most of the Scarabseoidea. Rudimentary pretentoria 
are found in a number of genera, as Calopteron (Fig.3%3), Tenebroides 
(Fig.¢z7), Phalacrus (Fig.%z), and perhaps all of the Rhynchophore, 
except Dendroctonus. The pretentoria of the Khynchophora are for the 
most part very delicate and fragile. The difficulty of making a dis 
section showing the pretentoria intact is intensified by the close 
packing with, the snout. of the greatly developed tendons of the mouth 
parts and the strongly chitinized pharynx. In no instance, except 
in Dendroctonus (Fisam) was a pretentorium preserved intact. In 
Scolytus (Fig.go) the pretentorium is evidently rudimentary, but in 
mone of the other genera is there a clear indication of such being 
the ease, owing to the presence of frayed ends, suggesting that not 
all of the pretentorium has been seen. The presence in the Rhyncho- 
jphora (Pigs. 77% 4o9 ) of a suture in the right position for an epi- 
eranial suture, an invagination within the suture that suggests the 


|pretentorina, and a projection arising from the invagination, all 


\furnish evidence that this projection is probably the cephalic por- 


tion of the pretentorium. The pretentorium of Passalus is extraordi 
narily developed. The cephalic part extends as a slender bar dorso-| 


caudead, nesrly half way to the occipital foramen, then bends sudden- 
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46 
ly and extends'as a huge straight arm toward the corpotentorium. The] 
tremendous development of the caudal psrt is due to the need of a 
strong support for the dorsal surface, which bears a prominent horn 
used in fighting. 


Metatentorium.-- The form and size of the metatentorium is quite¢ 


decidedly indicated by the position of the metatentorinese. Those 

genera possessing Pecmitawe metatentorinae are very apt to possess 
the primitive type of metatentorium, one that is short and simple, 
as Limulodes (fig.3#9), Sphaerius (Fig.37), Anchicera (Fig.¢3y), Philo] 


thermus (Fig.#7), Melanophthalma (Fig.gJ9), and Sphindus (Fig.#¢). 


It is significant to note that all of these genera are very small in 


size. The cephalic migration of the metatentorineae is due to a sim-| 


ilar movement of the metatentoria. In those genera in which the met 
atentorinae have migreted from their primitive position near the oc-| 
cipital foramen, the metatentoria are found more or less deeply in- 


vaginated along the gular sutures, the sutures being the products of| 


|\these invaginations. In most genera the metatentoria advance but 


little or not at all ferther cephalad than the metatentorinae, but 


jthere are some exceptions, in which the metatentoria taper down erad} 


ually, as in Helichus (Fig.w7), Cyphon (Pig.vzz), Lyctus (Fig, an 


jall of the Scarabaecoidea, except Pseudolucenus (Fic.wy. In those 


jeenera in which the lar sutures are confluent on the meson. the ev 
a Ls = 


jla itself is simply invaginated, becoming a part of the metatentor- 
jium. The same type of development has taken place in Necrophorus 
(Fig.3saz), Scaphidium (Fig.3v), Hister (Fig.s7z), Phengodes (Fig.395), 


|Chauliognathus (Fig.3%), and Georyssus (Fig.vzo), as in the Rhyncho- 


jphora. In Necrophorus, Phengodes, Chauliognathus, dupsalis (Fig.¢sz) J 


and Thecesternus (Fig.##7), the line 6f fusion of the invaginations 
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47 
of the two sides has disappesred. In Chauliognathus the invagination 
is greatly reduced, and in Phengodes nothing remains but a mere line 
These two latter genera seem to show a greater specialization of the 
gular region than any other genera studied. A correspondingly deep- 
er invagination of the ring-like plete surrounding the inside peri- 
phery of the occipital foramen has occurred with that of the gula. 
The whole phenomenon appears to be due to an especially strong ceph-| 
alic pull on the metatentoria. This can be readily understood in 
the case of the Rhynchophora, in which the elongation of the snout 
would encourage this result. A second force may play a part here, 
that of the narrowing of the snout, which might assist in the enfold 
ment of the eula. 

A large number of genera, scattered throughout the series of 
families, possess prominent projections along the mesel margins of 
the metatentoria, caudad of the corpotentorium, as those of Cybister 
(Fig.377), Reerebis (Fig.397), Glischrochilus (Fig.¢z7), Phyconomus 
| (Fie.#jo), and Boros (Fig.vs). Some of these projections have dis- 
|tinet tendons attached to them, as in Scaphidium (Fig.3%), Parandra | 
(Fig.%7), Derobrachus (Fig.#%), Donacia (Fig.¥#7), and Criocerus (Fig 
473). Prominent lateral projections are present in Lyctus (Fis.53}, 
Osmoderma (Fig.#z), Parandrs, Glycobius (Fig.#7), whynchites (Fig. 
944), Epicaerus (Fig.g#v), and Thecesternus (Fig.g9}. Passalus (Fig. 
$66) is peculiar in the possession of a large well-chitinized second 
ary bridge arising from the mesal margin of the metatentoria. 

Corpotentorium.-- Owing to the simplicity of form of a struc- 
ture like the corpotentorium, but little change is indicated in it 


through most of the genera. ‘the hypothetical type shows this struc 


ture to be a rather narrow simple band (Fig.37#). Such is fairly 
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48 
Se batass 044 of the vast majority of forms. The corpotentorium tai 
sometimes very broad, as in Ptinus (Fig.¢52, Bostrichus (Fig.¢sy), 
Parandra (Fiz.%7), Derabrachus (Fig.%y), Glycobius (Fig.#7), and Eup 
salis (Fig.7g). In contrast sre many that sare quite slender and | 
arched, as Dineutes (Fig.379), Stenus (Fig.3%), Hister (Fig.32), Geo-| 
ryssus (Pig.#zo), and Mycetophagus (Fig.¢37). The form of these latte 
has evidently resulted from the narrowing of the space between the 
netatentoria. An exceptionally large number of genera have only a 
lrudimentary corpotentorium, or none at all, as in all of the Lampy- 
roidea except Trichides (Fig.37%) and Necrobia (Fig.3%7), Hpicauta (Fig 
$o§), Wacrosiagon (Fig.#og), all of the Giidterpldes, Eecphouns (Fig 
Rhysodes (Fig.#z), Phalacrus (Fig.#a), Hippodamia (Fig.gg3), and Ar- 
thromacra (Fig.¢%). The reasons for the loss of the corpotentorium 
are not always evident, though in most cases , either the arms of thé 
tentoria have expanded and approximately met on the meson, as in Rhy 
sodes and Plesiocis (Fig.#7), or the arms are directed towards the 
Imeson and meet there, as in Connophron (Fig.3s3) and all of the Elat-| 
eroidea, or the pharynx rests snugly between the tentorial arms, as 
is so perfectly found in Chauliognathus, where the pharynx is wedged | 
so tightly between them that the whole seem like one piece, all of 
which conditions supply firmness to the tentorial arms and obviate 
|jthe necessity for a corpotentorium. Of the Rhynchophors, Eurymycter || 
\(Piz.4s9), Epicserus (Fig.9#), and Lixus (Fig.¢%s) possess no corpoten 


|torium. Scolytus (Fig.##) possesses a very rudimentary one. The 


|disappesrance of the corpotentorium can best be explained in the cas¢ 
jof the Rhynchophora by the fusion of the metatentoria into one solid] 
plate that needs no added support. The corpotentorium of most of thé¢ 


Cerambycoidea is a delicate membranous structure. A cdmmom modifi- 
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49 
eation of the corpotentorium is the mesal projections on its cephal- 
ic border, as in Tachinus (Fig.3%7), Cephaloon (Fig.7o/), Tomoxia (Fig 
43), Phenolia (Fig. 4s), and Philothermus (Fizg.¢3s). 

Leminatentorium.-- A structure of the tentorium that shows per- 
haps a greater variability in form than any other is the laminaten- 
torium, which appears in a great array of shapes and sizes, from the 
forming of a perfect and broad bridge to total disappearance. When 
the two sides of the laminatentorium meet on the meson, the mesal 
margins of the laminatentorium very frequently are bent ventrad, pro] 
ducing a projection. Examples of this development are seen in Calo- 
soma (Fig.373), Cybister (Fig.377), Necrophorus (Fig.3s2), Aleochara 
(Pizg.3%3), Heterocerus (Fig.wy7), Dermestes (Fig.#23), and Endomychus 
(Fig.7yv). Genera that show the leminatentorium as hardly more than 
touching on the meson are Peltodytes (Fig.3%), Scaphidium (Fiz.3y), 


Pyrochroa (Fig.#0j), Notoxus (Fig.#/e), Psephenus (Fiz.¢%), Cucujus 


(Fig.7y), Penthe (Fig.#s7), and most of the Scarabaeidae. The reduc- 
tion of the laminatentorium takes place so gradually that it is hard 
to tell when it has completely disappeared. There seems to be no in} 
dication of it in Limulodes (Fig.77), Collops (Fig.3y7), Pseudociste-| 
la (Fig.gss)}, Hyporphagus (Fig.vs0), Sphindus (Fig.vse), and others. 
lIn Tomoxia (Fig.#3), Pytho (Fig.¢07), Alaus (Fig.#/z), Tharops (Fic.9 
Throscus (Fic.¢¢), and others there is no laminatentorium. The pre- 
tentorial arms curve towards the meson and serve a similar purpose. 
The laminatentorium of Tachinus and Epicsuta (Fig.go9} is in the form 
of a lobe. That of Psephenus (Fig.4%), Dichelonyx (Fig.75¥), and Pel 
idnota (Fig.70) possesses two long sharp cephalic projections. 


Supratentorium.-- Arising from the dorsal surface of each pre- 


tentorium cephalad of the laminatentorium and usually extending 
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towards the dorsal surface of the head is a projection of variable 


Its generalized condition would show a ra 


form, the supratentorium. 


ther distinctly chitinized structure, with an expanded ventral end 


against the ental sur 


that gradually narrows, then expands flat-like 


face of the head-wall. This kind of structure is found in a very 


large number of geners, as all of the Adephaga except Peltodytes (Fig. 


37%), the Hydrophilidae, Leptinus (Fig.3ss), all of the Steaphylinoidea 


except Aleochara (Fig.333) and Hister (Fig.s7z), Pytho (Fic.407), Noso- 


dendron (Fig.vzs), Languria (Fig.#3z2), Megalodacne (Fig.7s3), Derobra- 


chus (Fig.¢s), and others. The supratentorium is a surprisingly per 


sistent structure considering the large number of genera that possess 


it in a more or less rudimentary state. The broken ends of the ten-| 


toria of Hupsalis (Fig.¢s2, Lixus (Fig.+s), and Sphenophorus (Fiz.+s9 


_|jare expanded, which expansion may include a part of the supratentor- 


ia. This seems reasonable to believe when a rudimentary one is evi- 


dently present in khynchites (Fig.##) and Attelabus (Fig.v7s). Sphen- 


ophorus is peculiar in having the lateral margins of the tentoria 


fused to the oculata. The head-capsule of this genus is suddenly 


lconstricted at this point, which probably placed the tentorium and 


head-wall in contact, a fusion finally resulting. 


The supratentor- 


is of Cucujus (Fig.¢3/) and Passalus are stout structures, but ex- 


|jtremely short. In the former, this condition is due to the flatness 


of the head, in the latter, to the unusually close proximity of a 


jpart of the pretentoria to the dorsal surface. 


V. SOM PHYLOGENETIC CONSIDERATIONS 


With the hypothetical type of coléopterous head in mind, it is 


possible to note the lines of development that have taken place with 


in the various groups. Structures have developed away from the prim 
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51 
itive condition with varying degrees of rapidity, and sometimes in 
different directions. It is difficult from this study to decide on 
the amount of importance to attach to the change that may take place 
in a particular structure, and to average the degree of primitive- 
ness aS a whole of the development of the structures characteristic 
of a group, and to indicate with precision the place in the primi- 
tive scale of each group. As previously mentioned, owing to the 
wide field covered in this investigation it was impossible to find 
time to study a large representation of genera within each family. 

Such a study should help one considerably in reaching clearer con- 
clusions as to the arrangement of the genera in the primitive scale. 
Using this study as a basis, it is quite possible, however, to dis- 
cuss the relative importance of the structural changes exhibited by | 
the different groups, and to suggest possible inconsistencies in the 
present arrangement of certain genera. 

Adephaga.-'The characteristic possession of the occipital suture 
jof complete epicranial arms, of a generalized position of the anten-] 
|nariae and of the pretentorinae, of a generalized form of labrum. and 
of tentorium, would force such families as the Cicindelidae, Carsbi-| 
dae, Amphizoidae and Omophronidae into a primitive place in the sie 
jlogenetic seale, in spite of their specialized ventral surface. No 


other large group showS as many primitive characters. The genera of 


|the above-mentioned families show a great similarity in all their 


istructures and must be closely related. Of these families Omophron 
possibly possesses the most generalized dorsal surface, though the 
Joccipital suture in this genus is not nearly complete, and does not 


|show on this surface. Omophron can hardly hold an intermediate po- 


sition betweem the Carabidae and the Haliplidae, for the latter 
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latter family, as represented by Peltodytes, shows little similarity] 


with any other family of the Adephaga. The form of the head is dis-] 


tinetly specialized, being globular, with enormous eyes, and the 


mouth-parts and the very small labrum are directed distinctly ven- 


trad. The occipital suture is probably lacking, the epicranial su- 


ture is shorter than in any other genus of the Adephaga. On the ven 
tral surface, the metatentorinae extend only halfway between the oc- 
cipital foramen and the submentum, and the gular sutures extend no 
farther cephalad, whereas in all the other genera of the Adephaga 


the metatentorinae are close to the submentum and conplete gular su- 


|tures are present. Finally, the tentorium of Peltodytes is not so 


well developed, and the supreatentoria are small and do not reach the | 
ental surface of the head wall. In all other genera of the Adephaga 
the tentorium is large and strongly chitinized in all its parts. The 


Dytiscidae and Gyrinidse are very Similar fundamentally, and differ 


from other adephagous families in the position on the ventral aspect 


jof such structures as the antennariae and the pretentorinae, and by | 


a rudimentary or absent occipital suture. The instability of the 
epicranial suture is well illustrated by the case of the two closely) 
related genera, Dytiscus and Cybister, the former possessing com- 
Iplete, distinct arms, and a considerable part of the caudal end of 
|the stem, the latter incomplete and rather indistinct arms and no 
art of the stem. The Dytiscidae and the Gyrinidse sare undoubtedly 


Jmore specialized than the first four families of the Adephaga. 


Hydrophiloidea.-The form and texture of the head of the Hydro- 


| 
jphilidsae is quite similar to that of the Dytiscidae and Gyrinidae. 


|The heads of all these families are broad and short. and strongly chi 
| 
| 


‘tinized. The antennariae and pretentorinse of the Hydrophilidae 
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53 
have migrated ventrad, as in the other two families. The metatentor 
inae, the gula, and the tentorium are almost identical in form and 
condition, also. This superfamily is evidently very closely related 
to the Dytiscidsae and Gyrinidae. 

Silphoidea.-- The genera of the Silphoidea show many inconsis- 
tencies. The dorsal and ventral surfaces and the endoskeleton of no 


two genera are nearly alike. Necrophorus possesses the most general 


lies of the Adephaga. On the other hand, this genus possesses the 
Imost Specialized ventral surface present in this superfamily. The 
|guler sutures are couplete, and for more than half their extent meet 
on the meson. In contrast, there are practically no gular sutures 
in Connophron, a scydmaenid, and Molamba, a corylophid. No greater 
extremes of. this surface can be found within the limits of any other 
superfamily. The tentorium exhibits just as great extremes in devel 
opment. That of Leptinus is quite generalized; that of Necrophorvus 
well developed but specialized, owing to the invagination of the 
jgula; that of Connophron with no corpotentorium nor laminstentorium 
and rudimentary supratentoria; that of Molamba the most rudimentary 
tentorium of any genus included within this study. No clearer illus 
tration of the difficulties of indicating relationship can be shown 
then that exhibited by the families of the Silphoidea,. 
Staphylinoidea.-- The various genera of the Staphylinidae show 


jconsiderable homogeneity. Tachinus departs the most from the charac 


ized dorsal surface, which is very like that of the first four 
|teristic condition, in possessing a much more generalized dorsal os 


|face than the other members of this family. The Staphylinidae poss-} 


jess a tentorium and a ventral surface similar on the whole to that of 
| 
the Adephaga and the Hydrophiloidea. Tachinus, through the added | 
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54 
similarity of its dorsal surface, would seem to bear a particularly 
Close relationship to these groups. The Sphaeriidae, as represented} 
by Sphaerius, and the Ptilidae, as represented by Limulodes, possess 
@ primitive condition of the metatentorinae, while Scaphidium and 
Hister possess confluent gular sutures. The Pselaphidae, as repre- 
sented by Pilopius, in form of head and character of the ventral sur 
face and tentorium shows a close relationship to Connophron. The 
irregularities of structure displayed by the families of this group 
are nearly as great as those displayed by the families of the Sil- 
|phoidesa. Both of these superfamilies probably need considerable re- 
|vising. 

Cantharoidea.-- All of the genera of the Cantharoidea possess 
complete epicranial arms and dorsal position of the antennariae, and 
lack a corpotentorium, except the Cleridae and the Corynetidae, rep- 
resented by Trichodes and Necrobia respectively. All possess a com- 
plete gula except the latter genera and Collops, the representative 
Jof the Melyridee. This superfamily can be divided into three sub- 
groups. One group will include the Lycidse and Lampyridsae, charac- 
terized by a globular head, short,broad gula, and absence of the pre 
tentorinae. A second group will include the Phengodidse and the Ca 
tharidae, characterized by a longer and flatter head and longer gula 


|The third group will include the Cleridae and the Corynetidae, poss- 


}essing short incomplete arms, incomplete gular sutures, and a well- 


|}developed corpotentorium. Collops does not seem to fit in very well 
Janywhere, though this genus, through the form of its dorsal surface 
jJand tentorium may possibly lean towards the second group. Cantharis 


}of the second group, is peculiar in possessing s normal gula, where-| 


as in the other forms the gula is rudimentary, though in 911 other 
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55 
respects this genus is like the other members of this group. The 
first andusecond groups sre no doubt-closely related. The latter is| 
probably the more generalized, possessing a dorsal surface resembling 
to a marked extent the dorsal surface of the Carabidae. The gula, 
in so far as it is complete, also resembles the condition of this 


structure in the families of the Adephage, and particularly in Necro 


jeven, than in Necrophorus, being not only invaginated, but reduced 
| to a more or less rudimentary state. The first group probably e- 
volved from the second by the change in the shape of the head, due 
to the enormous development of the compound eyes and the loss of 
much of the gular region, which has probably fused with the cervix. 
Parallel with these changes, the pretentoris shifted their position 
so that they could better support the globular head, and came to as- 
sume the direction ordinarily assumed by the supratentoria of other 
genera. The third group would appear to be more closely related to 
| the Mordelloidea than to this superfamily. The condition of the epi 
cranial suture, the position of the antennariae, pretentorinae, and 
metatentorinae, the degree of development of the gula and tentoriun, 
would all favor this assumption. 

Cupesoides.-- The representative of the Cupesidae studied does 
|not show any particular peculiarities of structure of the head that 
| would entitle it to be placed in a separate superfamily. It can be 
Peery readily included with the Mordelloidea, for approximately the 


| same reasons as the Cleridae and Corynetidae. 


phorus, of the Silphoidea. It has, however, developed much farther 


Mordelloidea.-- The genera of the Mordelloidea show considerable 


|homogeneity. Most of them possess hesds thst are elongate, with a 


generalized dorsal sur 
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56 
on the same general level with the rest of the dorsal surface. The 
epicranial suture, however, shows considerable etenittey) sometime} 
showing complete arms and stem, as in Epicauta, while in others the 
epicranial suture may be extremely reduced, as in Macrosiagon. If 
these two genera are at all related, the condition of the epicranial 
suture can hardly throw any light on the degree of relationship. On 
the other hand, the metatentorinae are stable in position, and are 


located almost uniformly about half-way between the occipital fora- 


tH 
if 


men and the submentum. Another characteristic feature is the fact | 
that most of the genera possess heads that are distinctly constrict- 
jed at their caudal ends to form a neck. The Oedemeridae, the Cepha- 
loidae, the Pyrochroidae, the Pedilidse, the Anthicidae,. and possib 
ly the Cupesidae and Meloidae, seem particularly closely related, 
through the possession of similarly shaped heads, whose caudal ends 
are distinctly constricted, of a generalized dorsal surface, of com- 
pound eyes that are usually more or less emarginated, of a ventral 
|}surface whose structures are practically in a similar condition, and 
jof a tentorium that is alike throughout, with the exception of the 
Meloidae, in which the corpotentorium is absent. Though the dorsal 
surface of the Mordelloides resembles to a considerable extent that 
of such families as the Carabidae and Cantharidae, yet this surface 
|} differs so widely in closely related groups that we can hardly place 
Wess much importance on the resemblance here. What seems to be far 

| more important is the totally different condition of the ventral sur 
|faces in the Mordelloidea and the Carabidae, for instance. In the 

| former the gular sutures and the metatentorinae extend uniformly 


|}half way between the occipital foramen and the submentum; in the Cark 


abidae the gulsr sutures extend the whole distance between these 
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parts,and the metatentorinae nearly to the submentum. The Mordell-| 


oides and such groups as the Adephaga and Hydrophiloidea do not ap- ; 


pear to be nearly related. 


Elateroidea.-- The members of this superfamily are homogeneous 


with the exception of the Buprestidae. The pretentorinae and the an 
tennariae are located on the dorsal surface, and the epicranial arms 
extend no farther caudad than the pretentorinae. On the ventral as- 
lpect, the metatentorinae extend but little cephalad of the occipital 
foramen, and the gular sutures no farther. The corpotentorium is 
lacking in all. In the Buprestidae, on the other hand, the preten- 
torinae and antennariae have migrated distinetly ventrad, and are no 
visible at all from the dorsal surface. The gular sutures extend 
the whole distance between the occipital foramen and the submentun, 
and there is a distinct corpotentorium. The Buprestidae are hardly 
closely related to the rest of the Elateroidea, 

Dryopoidea.-- With the exception of the Georyssidee, the member 
of the Dryopoidea appear to be fairly homogeneous. The chief charac 


teristics are very prominent widely separated metatentorinae, locat- 


1 ERI ES 


ed very near the occipital foramen, and a very broad submentum. The] 


ventral surface of the Georyssidae, as represented by Georyssus, is 
jtotally different. In this family the gular sutures extend nearly 

to the submentum, and are confluent through practically their entire 
jextent. The metatentorinae cannot be definitely located. Georyssus 
|jwould appear to be related to Hister, both through the condition of 


|the gula, of the tentorium, and of the dorsal surface. The general 


| 


Jappearance of the ventral surface in the Dryopoidea is much like that 


jof the Hlateroidea, and in other characteristics they are not unlike] 


These two superfamilies appear to be related. 
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Dascilloidea.-- The two representatives of two ot the families 


of the Dascilloidea studied are 


Similar in structure. There are no 


outstanding features that would 


warrant placing them in a separate 


superfamily. They are negative enough in their characteristics to 


fit in, perhaps, in a number of other superfamilies, such as the Mor 


delloidea, Cucujoidea, and Tenebrionoides. 


Byrrhoidea.-- The representatives of the Dermestidae and the 


Byrrhidae studied, Dermestes and Byrrhus, do not seem to differ de- 


ecidedly from one another, but the Nosodendronidae, represented by No 
sodendron, may fit in better in some other group, such as the Dryo- 
poidea, 


They resemble the members of this latter group in the posi- 


tion of the metatentorinae and in the form of the submentum. In No- 


sodendron, the metatentorinae are almost adjacent to the occipital 


foramen, with a membranous sarea included between them. That part of 


the metatentorium surrounding the periphery of the occipital foramen 


projects deep into the head. The supratentoria are well developed. 
(None of these characteristics are possessed by the other two genera 
studied. 


. Rnysodoidea.-- The representative of this family studied, Rhy- 


sodes, shows distinct peculiarities in the structure of its head, 


such as an extremely thick chitinous head-wall, a fibrous condition 


jot the cervix, an errow-shaped head, enormously developed submentum, | 


jand very small mouth-parts. Its relationships are not at all clesr. 


Cucujoides.-- The members of the Cucujoidea show on the whole af] 


short broad head-capsule, a distinct ventral migration of the anten- 


jnariae and pretentorinae, the degeneration of the epicranial arms, 


Jand a slight migration of the metatentorinae from the occipital for-|} 


amen. There is some variation in the dorsal aspect. 


The genera 
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belonging to the Mycetophasidae, the Mycetaeidae, the Melanophthal- 


midse, the Endomychidse, and perhaps those of a few other families, 
possess dorssl surfaces that strongly resemble the dorsal surface of 
the Mordelloidea. In Derodontus and Philothermus, a colydiid, the 


antennariae and the pretentorinae are botn on the dorsal aspect, lo- 


cated considerably caudad. 


The ventral aspect ot all the members ot 


the group, however, is strikingly similar. The tentorium is fairly 


uniform throughout the group except in Tenebroides end Phalacrus, in 


|which the pretentorium has distinctly degenerated, due probably to 


the heavy chitinization of the hesd wall. In the shape of the head 


6nd the condition of the metatentorinae and the gular sutures, the 
Cucujoidea show a Similarity to the Mordelloidea, and to the super- 
family Tenebrionoidea. 
Tenebrionoidea.-- There are no particular characteristics ot thé 
head-capsule that would separete this superfamily from tne typical 


Mordelloidea. For instance, the dorsal and ventral surfaces and the 


endoskeleton of Arthromacra, Pseudocistela, and Penthe, are almost 


exactly like these parts of such genera ot the Mordelloides as Epi- 


ecauta, Cephaloon, and Macratria. The corpotentorium of Arthromacra 

and Epicauta is, however, lacking. 
Bostrichoidea.--The structure of the various parts of the head- 
jecapsule of the representatives of the Bostrichoidea veries consider- 


jJably. The epicranial arms are complete in Bostrichus, Lyctus, Plesi 


ocis, and Sphindus. With the exception of Sphindus these families 


Show a distinct ventrel migration of the antennarisae and pretentor- 


jinae. In contrast, Ptinus and Sitodrepa do not possess complete 


jarms, and the antennariae and pretentorinae are located more dorsad,| 


markedly so in the former. On the ventral surface, 


there is consid- 
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erable variation in the position of the nba cuit arisen The tances | 
ium also varies a great deal. This is probably not a very homogen- ! 
eous group. Sphindus seems to be more structurally similar to Sphae 
sia than any other genus studied. 


Scarabaeoidea.-- This is a very homogeneous group, characterizef 


by a heavy chitinization of the head-wall, degeneration ot the epi- 
eranial suture, ventral migration of the antennariae and the preten- 
torinae, and a complete gula, except in Pseudolucanus, in which the 

| gular sutures extend no more than half the distance between the oc- 
|cipital foramen and the submentum. In the development of the ven- 
tral surface and perhaps the tentorium, the Scarabeeoidea should be 
classed with the Adephaga and related groups. 
Cerambycoidea.-- This is also s very homogeneous group, charac- 
terized by a weak chitinization of the head wall, a distinct dorsal 
position of the antennariae and the pretentorinae, and a more or les 


well-developed epicranial suture. The gular sutures sre generslly 


|short. The tentorium is delicate and membranous throughout. 
Rhynchophora.-- The members of this group mey or may not pboss- 


ess a snout. They may or may not possess confluent gular sutures. 


When they do, the condition is the same as in other Coleoptera. They] 


may or may not possess a labrum. There is no definite character of 


|the head-capsule by which the shynchophora can be separated from 


Jother Coleoptera. The affinities of this group are not at all clear| 


Conclusions.-- The condition of the dorsal surface throughout 


|the groups is most variable, and can be relied upon but little to 


|furnish evidence of the degree of relationship. On the ventral sur-] 


|face the condition is much more stable, and probably much more reli-| 


able in indicéting aifinities. The tentorium is less variable than 
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61 
the dorsal surface, and less stable than the ventral surface. Weigh-| 
ine the evidence presented in this study, two large groups of most | 
of the families can be made. The Cupesoidea, the Mordelloidea, the 
EHlateroidea, the Dryopoidea, the Dascilloidea, the Byrrhoidea, the 
Cucujoidea, the Tenebrionoidea, and the Bostrichoidea should probab- 
ly be grouped together, while the charscteristic families of the 
Cantharoidea, the Staphylinoidea, snd the Silphoidea should perhaps 
be grouped with the Adephagea and Hydrophiloidea. The Scsrabaeoidea 
may also be included in this latter group. The affinities of the 
ime eaheeWides and the Khynchophora are too vague to include either 
in the two larger groups. . 

VI. SUMMARY 

1. This investigation deals with the homology of all the struc- 
tures of the head-capsule of one or more representatives of ninety- 
four of the one hundred and nine families of Coleoptere listed by 
Leng in his recent catalogue. One hundred and fifty-five genera, of]}} 
jwhich one hundred and thirty have been figured, nearly all represent} 
ing different important subgroups, have been studied. 

2. This serial study has made it possible to identify the seme 
structures in a wide series of forms, and to definitely fix the ho- 
|jmology of all the parts of the heed-capsule. 

3. Hypothetical types have been constructed, based on the strucy 
liare of the head-capsule of generalized insects and Coleoptera. These 
ishow the Coleoptera to have developed in general a consolidation of 
Isclerites and ea heavier chitinization of the wall of the head, a coms 
|pacting of the heed as a whole, and an approximation of the dorsal | 
jand ventral movable parts at the cephalic end. 


4, The epicrenial suture has been identified in all but two 
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of the genera studied. It has proved a great aid in determining the] 
limits of neighboring parts. What may appear to be a distinct epi- | 
cranial suture may not even be a suture. It is sometimes distinctly 
invaginated. Its identity can only be definitely fixed by determin- 
ing the location of the pretentorinae, which are always associated 
with it. 

5. The limits of the vertex are dependent upon the position of 
the epicrenial Sitnieeias In the Khynchophora nearly all of the snout 
belonss to the vertex. 
| 6. The unmodified occipital suture has been identified only in 
the Adephaga. The cephalic end of it on the ventral surface is al- 
jways represented by part of a curving ridge, which is present in all 
but a few genera. 

7. The supratentorinse have peen identified in a few senera, 
nearly all of which belong to the Staphylinoidea. 

8. The pretentorinae are the great landmarks of the head-capsul¢ 
Jand have been identified in all but two genera. They are, in the 
vast majority of genera, located near the cephalic end of the epi- 
eranial arms. A definite determination of the pretentorinae cannot 
always be made without an ental examination of the head, 

9. The size and form of the front is dependent upon the posi- 
ition of the epicranial arms. In the Cerambycoidea it is lerge. In 
many genera, as illustrated by Omophron, Harpalus, and Tachinus, it 
jis partly or wholly invaginated. It may probably be rudimentary of 
|wholly lost in many genere in which the mesal parts of the epicrania} 
aie have disappeared. 


10. What has been celled the clypeal suture in such genera as 


Cicindela and Harpalus is not even a suture, but the line of invagi-| 
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nation of the front. 


11. The clypeus is always divided into the postclypeus and the 


preelypeus. 


The preclypeus is with one exception always distinctly 
membranous. It may be as large or larger than the labrum. 


12. There id a distinct clypealia present in the Coleoptera, 


and in widely separated groups, such ac the Adephega and the Ceram- 
bycoidea. 
13. The labrum may be indistinctly determined in both Rhyncho- 


|phora and Other Coleoptera. It may also be quite distinct in some 


|Rhynchophorsa where it is considered to be absent. 


14. The submentum is always located distinctly cephaled of the 


occipital foramen, with a chitinized area between it and the forsmen 
15. The metatentorinae may be located on the cephalo-lateral 
border of the occipital foramen, as in generalized insects, or they 
may be far cephalad of this locetion. 
16. All that region between the occipital foramen and the sub- 
mentum is a part of the postgenae, produced by the fusion on the me-]| 


json of the mesal margins of the postgenae. 


17. The gular sutures result fron the cephalic: migration of the} 


metatentorinse. 


18. The gula is that area included between the gular sutures, 
jand is, therefore, derived from the postgenae. The majority of the 
|Coleoptera possess a gula that extends no more than half the distanced 
Joetween the occipital foremen and the submentum. 


| 19. The tentorium of the Coleoptera is typically quite similar 
fin form and development to that of generalized insects. Frequent 


nodifications are loss of chitinization, loss of corpotentorium, and 


Haminatentorium. Occasionelly the pretentorium may be rudimentary. 
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64 
The functions of the absent parts are assumed by other parts of the 
tentorium, or by the pharynx, or the head may be so compact and chi- 
tinized that a tentorium is no longer needed. 

20. The cephalic migration of the submentum, and the subsequent 
formation of an indistinguishable area between it and the occipital 
foramen is due either to the caudad migration of the occipital for- 
amen, or to the cephalic pull on the mouth-parts, or to both. The 


cephalic migration of the metatentoria, and, therefore, the metaten- 


|torinae, with consequent production of the gula, is probably due to 
| the cephalic pull on the tentorium to furnish a firmer support for 


|the muscles and tendons of the mouth-parts. 
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STRAUS-DURKHEIM, H. HE, 


1828. Considerations generales sur l'anatomie compsree des ani-| 


maux articules, auxquelles on a joint l'anatomie descrip- 


tive du Hanneton vulgaire. P. 51-58; 10 pls. 


HXPLANATION OF PLATE I 


Dorsal 
ips = aca La 
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aspect of the head 
Hypothetical head. 
Tetracha carolina. 
Cicindela formosa. 
Calosoma calidum.. 
Omophron americanum. 
Harpalus erraticus. 
Peltodytes 12-punctatus. 
Cybister fimbriolatus. 


Dineutes assSimilis. 


Molamba lunsta. 


Hydrous triangularis. 
Hydrophilus obtusatus. 
Necrophorus carolina. 
Creophilus villo sus. 
Aleochara lata. 
Connophron fossiger. 
Tachinus fimbriatus. 
Leptinus testaceus. 
Stenus flavicornis. 


Gastrolobium bicolor. 


ai 


EXPLANATION OF PLATE ITI 
Dorsal aspect of the head 
Fig. 21. Limulodes psradoxus, 

ee. Sphaerius politus. 

23. Sceaphidium quadriguttatum. 

24. Hister merdarias. 

25. Nacerda melanure. 
Macrosiagon dimidistum. 
Calopteron terminale. 
Photinus pyralis. 
Phengodes plumosa. 
Chaulioenathus pennsylvanicus. 
Collops nigriceps. 
Trichodes nuttali. 
Necrobia rufipes. 

Kpicauta marginate. 
Pytho americanus. 


Cupes concolor. 


Cephaloon lepturides. 


Tomoxia bidenteta. 
Hurystethus debilis. 


Neopyrochroa flabellata. 


PLATS II 


EXPLANATION OF PLATE III 
Dorsal aspect of the head 
Fig. 41. Macratria murine. 
42. Notoxus anchora. 
43. Sandalus niger. 


44. Alaus oculatus. 


Throseus chevrolati. 


Tharops ruficornis. 
Chalcophora virginiensis,. 
Psephenus lecontei. 
-Helichus striatus. 
Eucinetus morio. 

Cyphon rufieellis. 
Stenelmis sinuata. 
Heterocerus undatus. 
Georyssus californicus. 
Dermestes lardarius. 
Byrrhus americanus. 
Nosodendron unicolor. 
Rhysodes americanus. 
Tenebroides sinuatus. 
Phenolia grossa. 
Glischrochilus quadriguttatus. 


Cucujus clayipes. 


PLATE III 


EXPLANATION OF PLATE IV 


Dorsal aspect of the head 


Big. 169. 
64. 
65. 
66. 
Ol 
68. 


70. 


Phyconomus merinus. 
Languria mozardi. 
Megalodacne fasciata. 
Derodontus maculatus. 
Anchicera ephippiata. 
Byturus unicolor. 
Mycetophagus punctatus. 
Philothermus glabriculus. 
Phymaphora pulchella. 
Phalacrus politus. 
Alobates pennsylvanica. 
Melanophthalma angularis. 
Endomychus biguttatus.. 
Hippodamia convergens. 
Arthromacra aenea. 
Pseudocistela brevis. 
Adalia bi-punctata. 
Tenebrio, moli tor. 

Boros unicolor. 
Hyporphagus sp. 


Penthe obliquata. 


PLATE IV 
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EXPLANATION OF PLATE V 


Dorsal aspect of the head 


Fig. 84. 
85. 
86. 
87. 
88. 
89. 
90. 
91. 


Ptinus brunneus. 
Sitodrepa panitea. 
Bostrichus bicornis. 
Lyctus planicollis. 
Plesiocis cribrum. 
Sphindus americanus. 
Aphodius fimentarius. 
Dichelonyx elongata. 
Pelidnota punctata. 
Strategus julianus. 
Harpalus erraticus, 
longitudinal cross-section. 
Osmoderma eremicola. 
Trox suberosus. 
Pseudolucanus dama. 
Passalus cornuta. 
Syneta ferruginea. 
Derobrachus brunneus. 
Glycobius speciosus. 
Tetraopes tetraophthalmus. 
Donacia piscatrix. 


Criocerus asparagi. 


EXPLANATION OF PLATE VI 
Dorsal aspect of the head 

Fig..105..Parandra brunnea. 

106. Cryptocephalus quadruplex. 

107. Chrysochus auratus. 

108. Leptinotarsa decimlineata,. 

109. BKupsalis minuta. 

110. Blepharida rhois. 

111. Anoplitis nervosa. 

112. Chelymorpha argus. 


113. Pachymerus arthriticus. 


114. Diabrotica 12-punctata. 


115. Hurymyecter fasciatus. 
116. spicaerus imbricatus. 
117. Rhynehites bicolor. 

118, Dendroctonus valens. 
119. Thecesternus humeralis. 
120. Attelabus analis. 

121. Sphenophorus sequalis 
122. Scolytus quadrispinosus. 


123. Lixus macer. 


EXPLANATION OF PLATE VII 
Lateral aspect of the heed 

Fig. 124, Tetracha carolina. 
125. Cicindela formosa. 
126. Calosoma calidum. 
127. Omophron americanum. 
128. Peltodytes 12-punctatus. 
129. Harpalus erraticus. 
130. Cybister fimbriolatus. 
131. Hydrous triangularis. 


Hydrophilus obtusstus. 


Leptinus testaceus. 


Necrophorus carolina. 
Dineutes assimilis. | 
‘Connophron fossiger. 
Molamba lunata. 
»wtenus flavicornis. 
Gastrolobium bicolor. 
Creophilus villosus. 
Tachinus fimbriatus. 
Aleochara lata. 


Limulodes paradoxus. 


EXPLANATION OF PLATH VIII 
Lateral aspect of the head 
Fig. 144. Sphaerius politus. 
145. Scaphidium quadriguttatum. 
146. Chauliognathus pennsylvanicus, 
cross-section showing invagination 
of part. of. the gula. 
Hister merdarius. 
Photinus pyralis. 
Celopteron terminale. 
Phengodes plumosa. 
Chauliognathus pennsylvanicus, 
Collops nigriceps. 


Trichodes nuttali. 


Necrobia rufipes. 


Cupes concolor. 
Cephaloon lepturides. 
Nacerda melanura. 
Tomoxia bidentata. 
Macrosiagon dimidiatum. 
Epicauta marginata. 
.Kurystethus debilis. 
Neopyrochroa flabellata. 
Pytho americanus, 
Harpalus erraticus, 
dorsal aspect, Showing invagination 


associated with epicranial suture. 


PLATE VIII 


EXPLANATION OF PLATE IX 
Lateral aspect of the head 

Fig. 165. Macratria murina. 

166. Notoxus anchora. 

167. Sandalus niger. 

168. Throsecus chevrolati. 

169. Alaus oculatus. 

170. Tharops rutieerni:s:. 

py fa Heterocerus undatus. 

172. Chalcophore virginiensis, 

173. Georyssus californicus. 

174. Psephenus lecontei. 

175. Helichus striatus. 

Gi Stenelmis Sinuata. 

177, Eucinetus morio. 

178. Gyphon rufiepilis, 

179. Dermestes lardarius. 

180. Byrrhus americanus. 


181. Nosodendron unicolor. 


182. Rhysodes americanus. 


183. Tenebroides sinuatus. 
184. Phenolia grossa. 


185. Glischrochilus quadriguttatus. 


IX 


PLATE 


EXPLANATION OF PLATE X 
Lateral aspect of the head 
Fig. 186. Phyconomus marinus. 


187, Cucujus clavipes. 


188. Languria mozardi. 


189. Megalodacne fasciata. 
190. Anchicera ephippiata. 
191. Byturus unieolor. 
192. Mycetophagus punctatus. 
193, Derodontus asculatus. 
194. Philothermus glabriculus. 
195. Melanophthalma angularis. 
196. Phymaphora pulchella. 
197. Endomychus biguttatus. 
Phalacrus politus. 
Hippodamia convergens. 
Adalia bi-punctata. 
Pseudocistela brevis. 
Alobates pennsylvanica. 
Tenebrio molitor. 
Boros unicolor. 


Arthromacra aenea,. 


EXPLANATION OF PLATE XI 
Lateral aspect of the head 
Fig. 206. Hyporphagus sp. 
207. Penthe obliquata,. 
208. Ptinus brunneus. 
209. Sitodrepa panicea. 
210. Lyectus planicollis. 
2ll. Bostrichus bicornis. 
212. Sphindus americanus. 
213. Plesiocis cribrum. 


214. Aphodius fimetarius. 


215. Dichelonyx elongata. 


216. Pelidnota punctata. 
217. Strategus suiveauee 
218. Osmoderma eremicola. 
219. Trox suberosus. 

220. Pseudolucanus dama. 
221. Passalus cornuta. 
222. Parandra brunnea. 
223. Derobrachus brunneus. 
224. Glycobius speciosus. 


225. Tetraopes tetraophthalmus. 


PLATE XT 


EXPLANATION OF PLATE XII 
Lateral aspect of the head 
Fig. 226. Donacia piscatrix. 
227. Syneta ferruginea. 
228. Criocerus asparagi. 
229. Cryptocephalus quadruplex. 
230. Chrysochus auratus. 
251. Leptinotarsus decimlineata. 
Diabrotica 12-punctatea. 
Blepharida rhois. 


Anoplitis nervosa. 


Chelymorpha argus. 


Pachymerus arthriticus. 
Kupsalis minute. 
Kurymycter fasciatus. 
Rhynchites bicolor. 
Attelabus analis. 
Epicaerus imbricatus. 
Lixus macer. 


243. Thecesternus humeralis. 


EXPLANATION OF PLATE XIII 


Lateral aspect of the head 


Fig. 244. Sphenophorus sequalis. 


245, 


ecolytus quadrispinosus. 


246. Dendroctonus valens. 


Ventral aspect of the head 


Fig. 247. 
248. 
249, 
250. 
251. 
252. 
253. 
254, 
255. 
256. 
257. 
258. 
259. 
260. 
261. 


Hypothetical head. 
Tetracha carolina. 
Cicindela formosa. 
Calosoma calidum. 
Harpalus erraticus. 
Omophron americanum. 
Peltodytes 12-punctatus. 
Cybister fimbriolatus. 
Dineutes assimilis. 
Hydrous triangularis. 
Hydrophilus obtusatus. 
Leptinus testaceus. 
Necrophorus carolina. 
Connophron fossiger. 


Molamba lunata. 


PLATE XIII 


EXPLANATION OF PLATE XIV 
Ventral acpect of the head 
Fig. 262. Stenus flavicornis. 
263. Gastrolobium bicolor. 
264. Creophilus villosus. 
Tachinus fimbriatus. 
Aleochara lata. 
Limulodes paradoxus,. 
Sphaerius politus. 
Scaphidium quadriguttatum. 


Hister merdsarius. 


Calopteron terminale. 


Photinus pyralis. , 

Phengodes plumosa. 
Chauliognathus pennsylvanicus. 
Cantharis bilineatus,. 

Collops nigriceps. 

Trichodes nuttali. . 

Necrobia rufipes. 


Cupes concolor. 


PLATE XIV 


EXPLANATION OF PLATE XV 


Ventral aspect of the head 


Fig. 280. 
281. 
282. 
283. 
284. 
285. 
286. 
287. 
288. 
289. 
290. 
201. 
292. 
293. 
294, 
295. 
296: 


Cephaloon lepturides. 
Nacerda melanura. 
Tomoxia bidentata. 
Macrosiagon dimidtatum,. 
Kpicauta marginata. 
Kurystethus debilis. 
Pytho americanus. 
Neopyrochros flabellata. 


Macratria murina. 


Sandalus niger. 


Notoxus anchora. 

Alaus oculatus. 

Thearops ruficornis. 
Throscus chevrolati. 
Chalcophora virginiensis. 
Psephenus lecontei.. 


Helichus striatus. 


PLATE XV 


vy: 


EXPLANATION OF PLATE XVI 


Ventral aspect of the head 


ie. 297. 


298. 
rk 
300. 
301. 
302. 
503. 
304. 
505. 
506. 
307. 
308. 
509. 
310. 
or, 
312. 
513. 
314. 
$15. 


Stenelmis sinuata. 
Heterocerus undatus. 
Georyssus californicus. 
Encinetus morio. 

Cyphon ruficollis. 
Dermestes lardarius. 
Byrrhus americanis. 
Nosodendron unicolor. 
Rhysodes americanum. 
Tenebroides sinuatus. 
Phenolia grossa, 
Glischrochilus quadriguttatus. 
Phyconomus marinus. 
Cucujus clavipes. 
Languria mozeardi. 
Megalodacne fasciata. 
Derodontus maculatus. 
Anchicera ephippiata. 


Byturus unicolor. 
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EXPLANATION OF PLATE XVII 
Ventral aspect of the head. 

Fig. 316. Mycetophagus punctatus. 

317. Philothermus glabriculus, 

318. Melanophthalma angularis. 

319. Phymaphora pulchella. 

320. Endomychus biguttatus. 

$21. Phalacrus politus. 

322. Hippodamia convergens. 

323. Adalia bi-punctata. 

324. Pseudocistela brevis. 

525. Alobates pennsylvanicea. 

426. Tenebrio molitor. 

427. Boros unicolor. 

328. Arthromacra aenea, 

429. Hyporphagus sp. 

330. Penthe obliquata. 

551. Ptinus brunneus. 

332. Sitodrepa panicea. 


433. Bostrichus bicornis. 
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PLATE XVII 


EXPLANATION OF PLATE XVIII 
Ventral aspect of the head 
Fig. 334. Lyetus planicollis. 
455. Sphindus americanus. 
456. Plesiocis cribium. 
357. Aphodius fimetarius. 
338. Dichelonyx elongata. 
339. Pelidnota punctata. 
440. Strategus julianus. 


441. Osmoderma eremicola. 


$42. Trox suberosus. 


343. Pseudolucanus dama. 

444, Passalus cornuta. 

345. Parandra brunnea. 

246. Derobrachus brunneus. 

447. Glycobiws speciosus. 

548. Tetraopes tetraophthalmus, 
349. Donacia piscatrix. - 

450. Syneta ferroginea. 

451. Criocerus asparagi. 


352. Cryptocephalus quadruplex. 
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EXPLANATION OF PLATE XIX 
Ventral aspect of the head 
Fig. 353. Chrysochus auratus. 


454. Leptinotarsa decimlineata. 


355. Diabrotica 12-punctata. 


556. Blepharida rhois. 

457. Anoplitis nervosa. 

358. Chelymorpha argus. 

359. Pachymerus arthriticus. 
560. Eupsalis minuta. 

561. Kurymycter Facelavuee 
562, Rigneiites bieoLlor. 

. Attelabus analis. 
EKpicserus imbricatus. 
eecolytus quadrispinosus. 
Lixus macer, 
Thecesternus humeralis. 
Sphenophorus aequalis. 


Dendroectonus valens. 
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EXPLANATION OF PLATE XX 
Endoskeleton of the head 
Fig. 370. Hypothetical head. 
371. Tetracha carolina. 
372. Cicindela formosa. 
Calosoma calidum. 
Harpalus erraticus. 
Omophron americanum, 
Peltodytes 12-punctata. 


Cybister fimbriolatus. 


Dineutes assimilis. 


Hydrous triangulsaris. 
Hydrophilus obtusatus. 
Leptinus testaceus. 
Necrophorus carolina. 
Connophron fossiger. 
Stenus flavicornis. 
Gastrolobium bicolor. 


Creophilus villosus. 


EXPLANATION OF PLATE XXI 


Endoskeleton of the head 


Fig. 


387. 
588. 
389. 
590. 
S91. 
392. 
393. 
594. 
3595. 
596. 
597. 


398.: 


399. 
400. 
401. 
402. 
403. 


Tachinus fimbriatus. 
Aleochara lata, 

Limuiodes paradoxus. 
Sphaerius politus. 
Scaphidium quadriguttatum. 
Hister merdarius. 
Calopteron terminale. 
Photinus pyralis. 
Phengodes plumosa. 

Ciesla opus thud pennsylvanicus, 
Collops nigriceps. 
Trichodes nuttali. 
Necrobia rufipes. 

Cupes concolor. 

Cephaloon lepturides,. 
Nacerda melanura, 


Tomoxia bidentata. 
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EXPLANATION OF PLATE XXII 

Endoskeleton of the heed. 

Fig. 404. Macrosiagon dimidiatum. 

405. Epicauta marginata. 
406. Eurystethus debilis. 
407. Pytho americanus. 
408. Neopyrochroa flabellata. 
409. Macratriea murina. 
410. Notoxus anchora. 
411. Sandalus niger. 


412. Alaus oculatus. 


413. Tharops ruficornis. 


414, Throscus chevrolati. 

415. Chalcophora virginiensis. 
416. Psephenus lecontei. 

417. Helichus striatus. 


418. Stenelmis sinuata. 
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EXPLANATION OF PLATH XXIII 
Hndoskeleton of the head 
Fig. 419. Heterocerus undatus. 
420. Georyssus californicus. 
421. Eucinetus morio. 
Cyphon ruficollis. 
Dermestes lardarius. 
Byrrhus americanus. 
Nosodendron unicolor. 


Rhysodes americanus, 


Tenebroides sinuata. 


Phenolia grossa. 
Glischrochilus quadriguttatus. 
Phyconomus marinus. 

Cucujus clavipes. 

Languria mozardi. 

Megalodacne fasciatus. 
Derodontus maculatus. 


Anchicera ephippiata. 


PLATE XXIII 


EXPLANATION OF PLATE XXIV 
EKndoskeleton of the head 
Fig. 436. Byturus unicolor. 
457. Mycetophagus punctatus. 
438. Philothermus glabriculus. 
439. Melanophthalma angularis. 


440. Phymaphora pulchella. 


441. Endomychus biguttatus. 


442, Phalacrus politus. 

443. Hippodamia convergens. 
444, Adalia bi-punctata. 
445, Pseudocistela brevis. 
446. Alobates pennsylvanica. 
447, Tenebrio molitor. 

448. Boros unicolor. 

449, Arthromacra eenea, 

450. Hyporphagus sp. 

451. Penthe obliquata. 


EXPLANATION OF PLATE ZXXV 
Endoskeleton of the head 
Fig. 452. Ptinus brunneus. 
453. Sitodrepa panices. 
454. Bostrichus bicornis. 
455. Lyctus planicollis. 
456. Sphindus smericanus. 
Plesiocis cribrum. 
Aphodius fimetarius. 


Dichelonyx elongata. 


Pelidnota punctata. 


Strategus julianus. 
Osmoderma erimicola. 
Trox suberosus. 
Pseudolucanus dama. 
Passalus cornutus. 
Passalus cornutus, 


lateral aspect, cross-section. 


BXPLANATION OF PLATE XXVI 


Endoskeleton of the head 


Fig. 467. 
468. 
469. 
470. 
All. 
A72. 
473, 
A74, 
A75, 
476. 
A77. 
A478, 
479. 
480. 
481. 


Parandra brunnea. 
Derobrachus brunneus. 
Glycobius sSpeciosus. 

pet enenee tetraophthalmus,. 
Donacia piscatrix. 

Syneta ferruginea. 
Criocerus asparagi. 
Cryptocephalus quadruplex. 
Blepharida rhois. 
Chrysochus auratus. 
Leptinus testaceus. 
Diabrotica 12-punctata. 
Anoplitis nervosa. 
Pachymerus arthriticus. 


Chelymorpha argus. 


PLATE XXVI 


EXPLANATION OF PLATE. XXVITI 
Endoskeleton of the head 
Fig. 482. Kupsalis minuta. 
483. Kurymycter fasciatus. 
484.xhynchites bicolor. 
485. Attelabus analis. 


486. Kpicaerus imbricatus. 


487. Thecesternus humeralis. 


488. Lixus macer. 
489. Sphenophorus aequalis. 
490. Scolytus quadrispinosus. 


491. Dendroctonus valens,. 
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VITA 

The author of this thesis, Fenner Satterthwaite Stickney, was 
born in Wilson, North Carolina, August 6, 1892. He attended the 
public schools of Wilson, until May 1909. The following year he 
spent on a farm in Beaufort County, North Carolina. During the sum 
mer of 1910, he moved to the Hawaiian Islands, and entered in Sep- 
tember of that year the McKinley High School of Honolulu, from whic 
|} he graduated in June 1912. From September 1912 until June 1914, he 
| Studied agriculture, including a course in Entomology, at the Col- 
lege, now the University, of Hawaii. In August 1914, he registered 
} in the College of Agriculture of the University of California; he 
majored in Entomology, and received the degree of Bachelor of Sci- 


ence in Agriculture from that University in May 1916. The year 1916 


-1917 he spent on a farm in Brunswick County, North Carolina, en- 


gaged in practical agriculture. He attended the Summer Session of 
1917 at the University of Illinois, specializing in economic Ento- 
mology. During the year 1917-18, he was registered in the Graduate | 
school of the University of Illinois, from which he received the de 
gree of Master of Science in tntomology in June 1918. June 1, 1918,} 
he was inducted into the United States Army and ordered to Camp 

1 Dodge, Iowa, where he was engaged in sanitary entomological work un 

| til August 1918, when he was sent oversess. After six months in 

? Frence as a member ot Sanitary Squad #70, he wes returned to the U- : 
| nited States, and received his discharge in Honolulu in June 1919. 

) From September 1919 to June 1921 he wes a Fellow in Entomology at 

| the University of Illinois. During the summer ot 1920 he assisted 

| in extension entomological work at the North Dakota Agricultural 


College, 


Fig.492. 
493, 
494, 
495. 
496. 
497, 
498. 
499, 
500. 
501. 
502. 
503. 


EXPLANATION OF PLATE XXVIII 


Amphizoa 
Amphizoa 
Amphizoa 
Amphizoa 
Pilepius 
Pilopius 
miley ins 
Paidopiws 
Othnius 

Othnius 

Othnius 


Othnius 


lecontei, dorsal aspect. 
lecontei, lateral aspect. 
lecontei, ventral aspect. 
lecontei, endoskeleton. 
lacustris, dorsal aspect. 
lacustris, lateral aspect. 
lacustris, ventral aspect. 
lacustris, endoskeleton. 
sp., dorsal aspect. 

Sp., lateral aspect. 

sp., ventral aspect. 


sp., endoskeleton. 
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PLATE XXVIII 


